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Background: Folate is a B vitamin that plays a vital role in the synthesis and methylation 
of DNA and, thus, is essential for optimal growth and development. The recommended 
folate intake for adolescent males is difficult to meet solely through the daily consumption 
of natural folate-containing food sources. Fortification of food with folic acid, the 
synthetic form of folate, is one way to remedy this situation. New Zealand’s policy permits 
voluntary fortification of folic acid to certain foods, mainly breakfast cereals and breads, 
with an increase in fortification of breads over the several years. The impact of folic acid 
fortification on the usual total folate intake of New Zealand adolescent males (the highest 
consumers of bread), however, is unknown. 
 
Objective: The present study aimed to evaluate the usual folate intake and adequacy of a 
group of adolescent males aged 15-18 years in New Zealand and determine the major food 
group contributors of total folate, natural folate and folic acid. 
 
Methods: This study was a cross-sectional survey of 135 New Zealand 
male adolescents aged 15-18 years old recruited through six high schools between 
February and April 2020. Sociodemographic and dietary habits (including supplement use) 
were collected via online questionnaires, and body weight and height were measured. 
Dietary intake was assessed via two non-consecutive 24-hour dietary recalls (n=102) using 
the multiple pass method. Daily usual folate intakes (natural food folate, folic acid and 
total folate intake as Dietary Folate Equivalents, DFEs) adjusted for within-person 
variability were estimated using FoodWorks9 comprised of the most up-to-date New 
Zealand food composition tables (FOODfiles 2018). The prevalence of inadequate folate 
intake was determined using the Estimated Average Requirement (EAR) cut-point method. 
The percentage contribution of folate (as natural folate, folic acid and total folate) from 33 
designated food group to total folate intake were calculated and presented as the top ten 
food sources. 
 
Results: The usual median (IQR) total folate intake of the population (in DFEs) was 454 
(334, 715) µg/day comprised of 260 (207, 305) µg/day of natural food folate and 77 (0, 
226) µg/day of folic acid intake. The prevalence of inadequate folate intake was 
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considerably high (25%) despite greater folate intake than reported in the last national 
nutrition survey in 1997. No participant exceeded the Tolerable Upper Intake Level (UL) 
of folic acid. Asian participants had the highest prevalence of inadequacy (35%) compared 
to Pacific (33%), Māori (29%) and NZEO participants (19%). The percentage of 
participants with inadequacy varied among age groups with the prevalence being highest 
for the 16-year olds. The risk of inadequacy was also slightly lower among obese 
participants (20%) compared to normal weight (26%) or overweight (24%) but did not 
appear to differ among socioeconomic deprivation levels. Breakfast cereals were the 
highest contributor to total folate intake (25%) among New Zealand male adolescents, 
followed by breads (17%). Both of these food groups contain folic acid fortified products, 
and as such, these two food groups contributed almost 50% of the total intake of folic acid 
among the sample population. 
 
Conclusion: Despite increased folic acid fortification in the food supply, New Zealand 
adolescent males are at risk of inadequate folate intake, particularly among certain ethnic 
groups. Total folate intakes in the present study appear to have increased among our 
sample population group compared to past national nutrition surveys, yet the prevalence of 
inadequacy remains a concern. Consideration of mandatory folic acid fortification is 
warranted given the demonstrated success in other countries to effectively improve the 
folic acid intake across the lifecycle of the population. Nonetheless, national nutrition 
survey data representative of the population food and folate intake is needed to better 




This thesis is a part of the Survey of Nutrition Dietary Assessment and Lifestyle 
(SuNDiAL) 2020 project that measured dietary intakes and habits, nutritional status, health 
status, motivations, attitudes, 24-hour activity patterns and screen time habits of adolescent 
males in New Zealand. 
 
The candidate of this thesis, Kimberly Ti, was supervised by Professor Lisa Houghton 
from the Department of Human Nutrition with support from: 
 
Dr Jill Haszard (Principal investigator/biostatistician) 
Dr Meredith Peddie (Principal investigator) 
Tessa Scott (SuNDiAL coordinator) 
Liz Fleming (Nutritionist) 
The above study personnel were responsible in developing the study design and protocol 
manuals, recruitment of high schools, training of the MDiet students for data collection as 
per protocols, quality assurance of data entry, and processing of the dataset. 
 
The candidate was involved in the following: 
  Conducting a literature review on the topics folate intake among the adolescent 
males and the main food sources for the folate intake. 
  Recruiting of study participants from the Dunedin and surrounding Otago area. 
  Data collection from study participants, including: 
• First and second diet recalls 
• Anthropometric measurements 
• Blood pressure measurements 
• Data entry (24-hour diet recalls into FoodWorks 9) 
  Sorting, presenting and interpreting data 




I want to express my gratitude to everyone who showed their constant support along the 
way and people who were directly involved in the writing of this thesis. 
 
Firstly, I am eternally grateful for my supervisor, Professor Lisa Houghton. Your constant 
encouragement and trust in me resulted in the compilation of this thesis. Thank you for 
your proof-reading and guidance, amending the words to make them sound like what I 
wanted to express. Thank you for your time despite your busy schedule, and inspired me to 
be bright and positive all the time. 
 
Thank you Dr Jill Haszard, Dr Meredith Peddie and Tessa Scott for organising the 
SuNDiAL project, the hard work and time that you put behind the scenes. 
 
Thank you Liz Fleming and Kirsten Webster, for the countless zoom meetings and emails 
to help us enter the dietary recalls into FoodWorks9 accurately, making sure the data for 
this study is clean and reliable. 
 
Thank you to the MDiet class, with special mention to Yap Jia Min. Thank you for your 
willingness to help out throughout the course, the countless laughter I had because of you 
and for always feeding me food that reminds me of home. 
 
Thank you to my friends and flatmates, who took an interest in my thesis and listened to 
the progress even though “folate” is probably a foreign word for them. Special mention to 
Greg and Toni Blythen, who took me into their home when New Zealand went into 
lockdown. 
 
Finally, thank you to my family, especially my mom, who made all these possible. Thank 
you for your constant support, prayers and unconditional love, you have been the rock of 
my life. 
vi  
1 Table of Contents  
 
Abstract ............................................................................................................................... ii 
Preface ................................................................................................................................ iv 
Acknowledgements ............................................................................................................. v 
Table of Contents ............................................................................................................... vi 
List of Tables .................................................................................................................... vii 
List of Figures .................................................................................................................. viii 
List of Abbreviations ......................................................................................................... ix 
1. Introduction ..................................................................................................................... 1 
2. Literature Review ............................................................................................................ 3 
2.1 Folate structure, absorption, metabolism and function ............................................. 3 
2.1.1 Chemical structure of Folate .............................................................................. 3 
2.1.2 Dietary sources of Folate ................................................................................... 4 
2.1.3 Folate bioavailability .......................................................................................... 5 
2.1.4 Absorption, Transport and Storage .................................................................... 6 
2.1.5 Metabolism and Functions ................................................................................. 8 
2.1.6 Folate deficiency and functional outcomes ........................................................ 9 
2.2 Dietary folate requirements and prevalence of inadequacy .................................... 11 
2.2.1 Dietary folate requirements .............................................................................. 11 
2.2.2 Dietary folate intakes and prevalence of inadequacy among adolescents ....... 12 
2.2.3 Major food group contributors of folate .......................................................... 15 
3. Objective Statement ...................................................................................................... 16 
4. Methods ......................................................................................................................... 17 
4.1 Recruitment ............................................................................................................. 17 
4.1.1 School-based recruitment ................................................................................. 17 
4.1.2 Recruitment of participants .............................................................................. 18 
4.2 Data collection ........................................................................................................ 18 
4.2.1 Dietary intakes ................................................................................................. 18 
4.2.2 Anthropometry ................................................................................................. 19 
4.3 Statistical analyses .................................................................................................. 20 
5. Results ........................................................................................................................... 21 
6. Discussion and Conclusion ........................................................................................... 30 
7. Application of Research to Dietetic Practice ................................................................ 35 
8. References ..................................................................................................................... 38 
9. Appendices .................................................................................................................... 45 
vii  
List of Tables  
 
Table 1. Folate intake requirements for adolescents (14-18 years) .................................... 12 
 
Table 5.1. Sociodemographic and anthropometric  characteristics  of  the  male 
participants .......................................................................................................................... 23 
 
Table 5.2. Usual folate intake (μg/d) of food folate, folic acid and total folate DFEs, and 
the prevalence of folate inadequacy among New Zealand adolescent males aged 15-   
18… .................................................................................................................................... 25 
 
Table 5.3. Top ten sources of total folate DFEs intake of 102 male adolescent aged 15-18 
years ................................................................................................................................... 28 
 
Table 5.4. Comparison of the top ten food groups sources for food folate and folic acid in 
percentages ........................................................................................................................ 29 
viii  
List of Figures  
 
Figure 1. Chemical structures of folic acid (A) and folate (B) ............................................. 3 
Figure 2. Intestinal hydrolysis and folate absorption ........................................................... 7 
Figure 3. Summary of the metabolic interactions of folic acid, related derivatives, 
pathways and enzymes .......................................................................................................... 8 
Figure 5.1. SuNDiAL 2020 school recruitment flow chart ................................................ 21 
Figure 5.2. Recruitment of SuNDiAL 2020 participants ................................................... 22 
ix  
List of Abbreviations  
 
 
1997 NNS 1997 New Zealand National Nutrition Survey 
ANS Adult Nutrition Survey 
B12 Cobalamin 
B9 Folate 
BDA British Dietetic Association 
BMI Body mass index 
CV Coefficient of variation 
CVD Cardiovascular disease 
DFE Dietary folate equivalents 
DNA Deoxyribonucleic acid 
DNFCS Dutch National Food Consumption Survey 
EAR Estimated Average Requirement 
ESFA European Food Safety Authority 
FNB Food and Nutrition Board 
GCPII Glutamate carboxypeptidase II 
HELENA Healthy Lifestyle in Europe by Nutrition in Adolescence 
IOM Institute of Medicine 
IQR Interquartile Range 
MSM Multiple Source Method 
NHANES National Health and Nutrition Examination Survey 
NRV Nutrient Reference Value 
NTD Neural Tube Defects 
NZDep New Zealand Deprivation Index 
NZEO New Zealand European and other 
PABA Para-aminobenzoic acid 
PCFT Proton-coupled folate transporter 
RDA Recommended Dietary Allowances 
RDI Recommended Dietary Intake 
REDCap Research Electronic Data Capture 
RFC1 Reduced folate carrier 
RNA Ribonucleic acid 
x  
SD Standard deviations 
SuNDiAL Survey of Nutrition Dietary Assessment and Lifestyle 
THF Tetrahydro form 
UK United Kingdom 
UL Upper Level of Intake 
US United States 
 
1 
1. Introduction  
 
Folate is a B vitamin involved in the synthesis of DNA, RNA and protein and thus, plays an 
important role during periods of rapid growth such as adolescence. Folate cannot be 
synthesised by the human body and is found naturally from dietary sources or in a synthetic 
form called folic acid. Folate rich food sources include green leafy vegetables, citrus fruits, 
some legumes and wholemeal breads (Ministry of Health, 2003). Since 1996, New Zealand 
has permitted certain food products to be fortified voluntarily with folic acid. These foods 
include beverages, breakfast cereals and cereal products such as bread, biscuits, cereal flours 
and pasta (Ministry for Primary Industries, 2018). 
 
Low levels of folate can lead to a rise in homocysteine and impairment of DNA repair 
mechanisms, leading to megaloblastic anaemia. Epidemiological studies have demonstrated 
an association between low intake of folate and a higher risk of cardiovascular disease 
however, folic acid supplementation trials are not consistent with these observation findings. 
In contrast, evidence suggests that high intakes of folic acid from supplements or fortified 
foods may be linked to various types of cancer (Wien et al., 2012). 
 
The Australian and New Zealand Estimated Average Requirements (EARs) for folate for 
adolescents aged 14 to 18 years old is 330 µg DFE/day (1 µg dietary folate equivalent (DFE) 
= 1 µg food folate = 0.5 µg folic acid on an empty stomach = 0.6 µg folic acid with meals or 
as fortified foods) (National Health Medical Research Council, 2006). Reported dietary 
intakes of folate among New Zealand adolescence males were last reported in 1997 whereby 
median intakes were 280 μg DFEs/day; and in 2002 Children’s Nutrition Survey reported 
total folate intakes (not DFEs) among males aged 11 to 14 years old estimated to be 283 μg 
total folate/d (Parnell et al., 2003; Russell et al., 1999). The major contributing food sources 
of folate in these surveys (for both sexes combined) were bread (22%) and breakfast cereals 
(21%) (Parnell et al., 2003). 
 
Since that time, in order to increase folate intake among reproductive-age women to decrease 
the risk of neural tube defects (NTDs), the New Zealand Association of Bakers engaged with 
the New Zealand government to develop a Code of Practice for Voluntary Fortification of Bread 
that specified a minimum of 25% of packaged sliced bread to be fortified with folic acid. The 
impacts of these increased fortification efforts on dietary folate intakes of the population, 
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including adolescent males (the highest consumers of bread) have not been evaluated. 
Therefore, the aim of this study is to evaluate the total folate intake of a group of adolescent 
males aged 15-18 years and determine the major food group contributors for total folate, natural 
folate and folic acid. The information obtained may be used to update information on dietary 




2. Literature Review 
2.1 Folate structure, absorption, metabolism and function 
 
2.1.1 Chemical Structure of Folate 
 
Folate is a member of the water-soluble B vitamins family that plays an important role in the 
production of DNA and RNA (Zhao et al., 2009). Folate is a generic term which refers to a 
number of different vitamer forms. Folate is also commonly known as “vitamin B9”, 
“folacin”, “vitamin Bc” and “pteroyl-L-glutamic acid” sometimes (Stover, 2004). Folic acid, 
the parent structure of folate, is a fully oxidized synthetic and stable form, which consists of 
the pterin ring, the para-aminobenzoic acid (PABA) and a glutamate moiety (Figure 1) (Ly et 
al., 2012). The pterin ring is connected to the PABA through a methylene bridge, and the 
PABA is linked with the glutamate through a peptide bond. Folate molecules are key one- 
carbon donors and acceptors where one-carbon units (R) in various oxidation states can be 
linked to the reduced tetrahydrofolate form, at the N-5 and N-10 positions (Ly et al., 2012; 
Stover, 2004; Zhao et al., 2009). Most of the dietary folates are in the polyglutamyl form 
which can contain up to seven glutamate residues (Bailey, 2009). 
 
Figure 1 Chemical structures of folic acid (A) and folate (B) (Ly et al., 2012). 
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2.1.2 Dietary Sources of Folate 
 
Folates are widely distributed naturally in foods, existing as reduced folylpolyglutamates in 
foods of both plant and animal origins. Examples of rich food sources include yeast extracts, 
liver, kidney, leafy green vegetables and citrus fruit. Moderate amounts of folate can be 
obtained from breads, potatoes and dairy products, depending on the amount of consumption 
(Gibson & Gibson, 1990). Folate is sensitive to light, air, heat and extreme pH conditions. 
The percentage of folate retained following cooking or processing is highly dependent on the 
food source and the method employed (McKillop et al., 2002). 
 
Folates of animal origin have higher retention following cooking compared to green leafy 
vegetables and potatoes (McKillop et al., 2002). However, the retention values may vary due 
to different types of cooking methods. For example, the retention of folate in beef has been 
measured following grilling compared to the steaming or boiling process of the green 
vegetables and potatoes. A prolonged time of grilling beef did not change its folate content 
much compared to the raw meat. Boiling green leafy vegetables resulted in losses of more 
than half of the original folate content, mainly due to the water-soluble folate leaching into 
the water. No significant losses in folate content were found from both boiling potatoes and 
steaming green leafy vegetables and potatoes (McKillop et al., 2002). The effect on folate 
retention from other common cooking methods in New Zealand such as deep-frying and 
oven-baking is poorly understood. 
 
Folate can also be found in food supply by means of folic acid fortification via regulations 
enforced either voluntary, mandatory or both. Regulations for mandatory fortification of food 
vehicles such as flour are currently in place in over 80 countries to date (Murphy & 
Westmark, 2020). In the United States, all cereal-grain products have been required to be 
fortified with folic acid since January 1998, for the purpose of decreasing the risk of neural 
tube defect-affected pregnancies (Dietrich et al., 2005). After the implementation of 
mandatory fortification, there was a significant improvement in the blood folate status and a 
significant reduction in NTDs (15-50%) (Dietrich et al., 2005; Kim, 2004). Canada also made 
folic acid fortification mandatory for all types of white flour, enriched pasta and cornmeal 
since November 1998 due to its high prevalence of NTDs (De Wals et al., 2007). Recent 
studies have shown that the rate of NTDs is significantly reduced (46%) in Canada after the 




In Chile, where NTDs are the second highest cause for infant mortality and wheat flour is a 
staple food for the country, folic acid fortification of wheat flour has been implemented since 
January 2000 (Hertrampf & Cortés, 2004). Follow-up studies showed that there was a 40% 
reduction of NTDs rate from 1999 to June 2002 and 10-63% decrease in the prevalence of 
birth anencephaly (Hertrampf & Cortés, 2004; López‐Camelo et al., 2005). 
 
Australia introduced voluntary fortification of folic acid to grain products in 1995 and 
mandatory folic acid fortification to bread-making wheat flour in September 2009 (Brown, 
Langshaw, Uhr, Gibson, & Joshua, 2011). As such, the mandated folic acid fortification 
programme has significantly reduced the prevalence of folate deficiency (Brown et al., 2011; 
Oakley Jr et al., 2004). 
 
To date, no European countries have implemented mandatory fortification of folic acid as 
some countries have contested the notion of manipulating the food supply (Mills et al., 2016). 
Although voluntary fortification of folic acid is permitted in some countries, most food 
manufacturers have opted not to fortify to ensure the sale of their products throughout the 
European continent. In the UK, the fortification of folic acid for some foods such as breakfast 
cereals is voluntary even though there is a strong recommendation for mandatory fortification 
of folic acid from the British Dietetic Association (BDA). 
 
In New Zealand, voluntary fortification of folic acid was introduced to a range of foods such 
as breakfast cereals, bread and juices in January 1996 (Ministry of Health, 2003). In 2020, 
half of the food fortified was breakfast cereals. However, due to the limited success of 
voluntary folic acid fortification by the food industry, mandatory fortification was proposed 
and regulated for implementation in 2009 (New Zealand Food Safety, 2019). Prior to the 
rollout, mandatory fortification was deferred, with a decision in 2012 to continue with 
voluntary fortification. 
 
2.1.3 Folate Bioavailability 
 
The form of folate (natural food folate or folic acid) consumed will affect its bioavailability 
in regard to the proportion of folate that is efficiently absorbed and utilized by the body 
(McNulty & Pentieva, 2004). Bioavailability of folate in different foods differ depending on 
some potential factors which include: (1) the intestinal hydrolysis of folate polyglutamates; 
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(2) Extent of conjugation of folate sources; (3) rate of absorption in the intestine; (4) the form 
of folate which shows different stability and lability; and (5) food matrix, and the presence of 
other food components that alters folate stability during digestion (Bailey, 2009). Differences 
in bioavailability between folate mono- and poly-glutamates are not evident (Bailey, 2009; 
Konings et al., 2002). Supplemental folic acid is highly bioavailable; however, bioavailability 
is dependent on the types of food consumed. Bioavailability of natural food folate is 
approximately 50-60%, equivalent to about 35% lower than supplemental folic acid 
(Cuskelly et al., 1996; Gregory III, 1989; Pfeiffer et al., 1997; Sauberlich et al., 1987). Folic 
acid is structurally more stable and less prone to oxidative cleavage at the C9-N10 bond 
(Figure 1), hence higher bioavailability compared to natural food folate which is in reduced 
form (Bailey, 2009). Natural food folate may also suffer extensive losses during preparation 
and different cooking methods of up to 50 to 80% (DeSouza & Eitenmiller 1986). Other 
potential factors that may affect folate bioavailability includes gender and ethnicity, but the 
exact mechanisms behind it are unclear currently (Bailey, 2009). 
 
2.1.4 Absorption, Transport and Storage 
 
Folate absorption occurs as a two-step process, hydrolysis of folate polyglutamates and 
transportation through intestinal membranes, mainly in the proximal third of the small 
intestine through active absorption (Bailey, 2009; Lucock, 2000; Zhao et al., 2009). Most 
food folates are in the form of 5-methyl- and 10-formyl-tetrahydrofolate polyglutamate which 
cannot readily cross the intestinal cell membranes (Fowler, 2001). Hence folate 
polyglutamates must be cleaved to a single monoglutamate form via the enzyme folate 
conjugase, pteroylpolyglutamate hydrolase in the intestinal brush border, before being 
absorbed (Konings et al., 2002; Scott, 1999). The hydrolysis of folate polyglutamates takes 
place in the proximal part of jejunum. The enzyme involved in this hydrolysis process at the 
brush border is glutamate carboxypeptidase II (GCPII), which is also commonly known as 
‘folate hydrolase’ (Figure 2). An environment of pH 6.5 is optimal for GCPII to function 
(Chandler et al., 1986). The rate of absorption is then dependent on the pH and the length of 
the intestine where absorption occurs (Steinberg, 1984). It is not dependent on the different 
form of folates as the hydrolysis process of folate polyglutamates to monoglutamates by 
GCPII exceeded the demands from a standard dietary intake (Konings et al., 2002). 
Absorption of folate monoglutamates by the mucosal cells occurs via the reduced folate 
carrier (RFC1) and proton-coupled folate transporter (PCFT) prior to transport into the portal
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circulation (Zhao et al., 2009). RFC1 is a saturable facilitative transporter that functions 
optimally in an environment of around pH 7.4 and reduced affinity for folic acid compared to 
PCFT (Bailey, 2009). PCFT, on the other hand, functions optimally in acidic pH environment 
and is found abundantly in the small intestine, especially in the jejunum and duodenum. 
Transportation of the monoglutamates into the mucosal cells was found to be mainly through 
PCFT. Absorption of folic acid will become less efficient when the intestinal folate transport 
systems are saturated by high doses of folic acid, leaving only small amounts of folate 
monoglutamates to be absorbed through passive diffusion (Allen, 2008). In the liver, 10-20% 
of folate is taken up by and the remainder circulated to peripheral tissues (Steinberg, 1984). 
The methyl- and formyl-monoglutamates are then converted back to polyglutamates 




Figure 2 Intestinal hydrolysis and folate absorption. 
GCPII, glutamate carboxypeptidase II; PCFT, proton coupled folate transporter; RFC1, reduced folate 
carrier (Bailey, 2009). 
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2.1.5 Metabolism and Functions 
 
The metabolism of folate involves the reduction of the pterin ring to an active tetrahydro 
form (THF), the addition of glutamate residues to the glutamate chain and the redox reaction 
of one-carbon units at the N-5 and/or N-10 positions (Figure 1) (Bailey, 2009). The primary 
function of folate in the human body is the transfer of one carbon units critical to the 
metabolism of nucleic acids (DNA and RNA) and amino acids in the one-carbon metabolic 
pathway (Figure 2) (Lucock, 2000). This process is known as one-carbon metabolism and 
can take place in three cellular compartments: the mitochondria, cytoplasm and nucleus. 
Specifically, in the mitochondria, folate results in the synthesis of the nucleotides purines, 
pyrimidines and methionine, catabolism of histidine and conversion of serine to glycine 
(Fowler, 2001). In the cytoplasm, folate is also involved in the conversion of homocysteine to 
methionine in the synthesis of S-adenosyl-methionine and methylation of deoxyuridylate to 
thymidylate in the formation of DNA (Stover, 2004). Lastly, thymidylate is generated in the 
nucleus during DNA replication and repair (Bailey, 2009; Brouwer et al., 1999). 
Figure 3 Summary of the metabolic interactions of folic acid, related derivatives, pathways and 
enzymes (Fowler, 2001). 
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2.1.6 Folate deficiency and functional outcomes 
 
Megaloblastic Anaemia 
An inadequate folate intake will lead to decreased serum folate and erythrocyte folate 
concentrations (Fowler, 2001). A primary clinical sign of folate deficiency, closely related to 
B12 deficiency, is megaloblastic anaemia. Megaloblastic anaemia is characterized by 
abnormal underdeveloped red blood cells that are larger in size. Folate is a substrate, and B12 
is a coenzyme that are crucial in the conversion of homocysteine to methionine, and 
important for the formation of 5, 10-methylene-THF (Fowler, 2001). Lack of 5, 10- 
methylene-THF will lead to megaloblastic changes in the bone marrow and other replicating 
cells due to impaired DNA synthesis (Eichner et al., 1971). Macrocytic anaemia will 
eventually develop, resulting in fatigue, shortness of breath, palpitations and weight loss. 
 
Cancer 
Folate is thought to play a role in cancer initiation and progression due to its impact in one- 
carbon metabolism on procarcinogenic processes in DNA methylation and synthesis (Bailey, 
2009). The role of folic acid in the development and progression of different types of cancer 
has been highly controversial, yet the majority of evidence to date reveals no negative 
associations with a number of studies demonstrating a protective effect (Kim, 2018). For 
example, a meta-analysis investigated the relationship between folate intake and bladder 
cancer risk indicated an inverse relationship but noted conflicting results from case-control 
and cohort studies (He & Shui, 2014). Among the different types of cancers, the role of folic 
acid in colon cancer has been of interest. There has been a substantial amount of evidence 
from observational studies showing a protective role of folic acid against colon/colorectal 
cancer (Duthie, 2011; Kennedy et al., 2011; Sanjoaquin et al., 2005). However, confounding 
factors such as dietary fibre, which is also protective against colon cancer and also found in 
high folate foods, should be taken into account (Sanjoaquin et al., 2005). In contrast, 
supplementation with folic acid (0.8 mg) and vitamin B12 over approximately 39 months 
was associated with increased cancer outcomes and all-cause mortality in patients with 
ischaemic heart disease (Ebbing et al., 2009); whereas a B-vitamin supplementation study 
(including folic acid 0.56 mg/d) over five years, showed no beneficial or negative effects on 
cancer outcomes (Andreeva et al., 2012). 
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Cardiovascular diseases (CVD) 
Hyperhomocysteinemia is associated with increased risk of cardiovascular disease 
(Brattström & Wilcken, 2000; Wierzbicki, 2007). Folic acid is one of the key dietary 
determinants of homocysteine with supplementation trials demonstrating homocysteine 
lowering effects. However, meta-analysis evidence investigating the effects of homocysteine 
lowering therapy via folic acid have suggested no beneficial role of folic acid 
supplementation in CVDs (Albert et al., 2008; Clarke et al., 2010). In contrast, stroke is 
thought to have a stronger association with folic acid intake with evidence of a reduction in 
stroke incidents and mortality (Clarke et al., 2010; Huang et al., 2012; Huo et al., 2012). 
 
Neurological/Cognitive impairments 
The possibility of low folate status being related to cognitive disorders had sparked a lot of 
interest after Herbert developed psychiatric symptoms when he starved himself of folate and 
the symptoms were cured after two days of folic acid treatment (Herbert & Zalusky, 1962). 
Since then, numerous studies have investigated the associations between folate status and 
neurological/cognitive impairments, yet few have found confirmatory evidence linking 
cognitive impairments or depression to folate deficiency (Ford & Almeida, 2012; Herbert & 
Tisman, 1973). Although there are a few studies that suggest potential benefits of folate 
intake on cognitive function, more research that provide stronger evidence are required 
(Martha Savaria Morris et al., 2007; Scarmeas et al., 2018). In addition, supplementation 
trials have also failed to show a positive association between folic acid intake and the 
prevention of cognitive impairments (Balk et al., 2007; Ford & Almeida, 2012). Moreover, 
the role of folate in methylation in the brain and its link to depression is unclear. It is more 
likely that folate deficiency is probably a secondary result of depression rather than the cause 
of depression, by way of unhealthy eating patterns and reduced appetite (Bailey, 2009; 
Herbert & Zalusky, 1962; Martha S Morris et al., 2003). More work is needed to better 
understand the impact of folate status on neurological/cognitive impairments before 









2.2. Dietary folate requirements and prevalence of inadequacy 
 
2.2.1 Dietary folate requirements 
 
The Estimated Average Requirement (EAR) is the daily nutrient intake value that is estimated 
to meet the requirements of 50% of the healthy individuals in a particular group (National 
Health and Medical Research Council [NHMRC], 2006). The EARs for folate among 
Australia and New Zealand adolescents aged 14 to 18 years old is 330 µg DFE/day (1 
µg dietary folate equivalent (DFE) = 1 µg food folate = 0.5 µg folic acid on an empty 
stomach = 0.6 µg folic acid with meals or as fortified foods). Given the lack of experimental 
data for adolescents, the EAR value was set based on extrapolation from adult data using 
metabolic body weight ratios with an allowance for growth (Institute of Medicine [IOM], 
1998). The Recommended Dietary Intake (RDI) is the daily nutrient intake value that is 
estimated to meet 97-98% of the healthy individuals in a particular group (NHMRC, 2006). 
The RDIs for folate is 400 µg DFE/day, which were set according to the 10% coefficient of 
variation (CV) for the EAR. The Upper Level of Intake (UL) is the highest daily nutrient 
intake value that is not likely to pose adverse health effects to most people in a general 
population. The UL was estimated to be 800 µg folic acid/day based on the relative body 
weight basis for adolescents compared to adults. The folate requirements during pregnancy 
and lactation are significantly higher due to the increased cell turnover from fetal 
development and to provide sufficient breast milk folate for infants. 
 
The United States has similar recommended folate intakes, with a Recommended Dietary 
Allowances (RDA) of 400 µg DFE/day for 14-18 years old males and UL of 800 µg DFE/day. 
The RDA has the same definition as the New Zealand RDI. Folate is measured in micrograms 
using DFEs, consistent to the definition of DFE from NHMRC. (National Institutes of Health, 
2020). 
 
The current recommendations for folate intake for adolescents in the UK (11 years old and 
above), which is considered sufficient to meet the requirements of 97.5% of the population is 
200 µg folic acid/day, with the same UL (800 µg folic acid/day) set by the Nutrient Reference 
Values for Australia and New Zealand (BDA, 2019). The European Food Safety Authority 
(EFSA) recommends an EAR of 250 µg DFE/day and RDI of 330 µg DFE/day for 
adolescents aged 15 to 17 years old (EFSA, 2017). The values were calculated based on the 
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estimated average weight of adolescents compared to adults with a CV of 15%. A summary of 
the comparison between different available values of EAR, RDI/RDA and ULs across various 
countries are summarised in Table 1. There is no UL for naturally occurring food folates as 
there are no adverse effects associated with excess folate consumption to date. The ULs 
included in Table 1 are only applicable to folic acid intake from food fortification and 
supplement use. 
 
Table 1. Folate intake requirements for adolescents (14-18 years) 
 EAR RDI UL 
Australia    
and New    
Zealand    
Boys 330 µg DFE/day 400 µg DFE/day 800 µg/day as folic acid 
Girls 330 µg DFE/day 400 µg DFE/day 800 µg/day as folic acid 
UK    
Boys 200 µg/day as folic acid 800 µg/day as folic acid 
Girls 200 µg/day as folic acid 800 µg/day as folic acid 
EFSA    
Boys 250 µg DFE/day 330 µg DFE/day 800 µg/day as folic acid 
Girls 250 µg DFE/day 330 µg DFE/day 800 µg/day as folic acid 
US/Canada    
Boys  400 µg DFE/day 800 µg/day as folic acid 
Girls  400 µg DFE/day 800 µg/day as folic acid 
Abbreviations: DFE, Dietary Folate Equivalent; EFSA, European Food Safety Authority; 
EAR, Estimated Average Requirement; RDI, Recommended Dietary Intake; UL, Upper 
Limit. 
 
2.2.2 Dietary folate intakes and prevalence of inadequacy among 
adolescents 
 
In New Zealand, the most recent national nutrition survey in 2008/09 did not report dietary 
folate intake as the food composition values for folate were incomplete, hence deemed 
unreliable (University of Otago and Ministry of Health, 2011). However, the 2002 New 
Zealand Children’s Nutrition Survey reported folate intakes among those aged 5-14 years with 
median folate intakes estimated to be 283 μg total folate/d for males aged 11 to 14 years old 
(Parnell et al., 2003). The main food sources of folate for New Zealand children were fortified 
bread (22%) and breakfast cereals (21%), followed by vegetables, potatoes, kumara and taro, 
and fruit. Male children obtained greater amounts of folate from breakfast cereals but less 
from fruits when compared to the females (25% vs 18%; 5% vs 7%). In addition, a lower 
prevalence of dietary folate inadequacy (8%) was reported among male compared to female 
children. Moreover, among male children, the estimated prevalence of risk of inadequacy was 
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highest for Pacific males aged 11 to 14 years (25.5%), followed by New Zealand 
European/other (NZEO) (1.5%) and Māori participants (0%). 
 
The Australian Health Survey 2011/12 reported approximately 95% of males aged 14-18 years 
were achieving adequate folate intakes with a mean intake of 755 μg DFEs/d (Australian 
Bureau of Statistics, 2014). Dietary folate equivalents (DFEs) take the higher bioavailability of 
folic acid compared to natural folate into account (folate equivalents = 1.67*folic acid + 
natural folate). These findings likely attributable to the mandatory fortification of bread-
making wheat flour with folic acid in late 2009. Males also had a significantly higher intake 
than females (560 μg/d), due to higher consumption of breads, cereal and cereal products. 
These major folate food sources contributed 57% of dietary folate intake. The next major food 
source was non-alcoholic beverages, mainly fruit juice and tea (8.3%), followed by vegetable 
products and dishes (7.9%) (Australian Bureau of Statistics, 2014). 
 
In the US, NHANES 2013-2014 survey reported that males aged 12-19 years old consumed a 
mean amount of 195 μg/d of food folate, and 250 μg/d of folic acid equivalent to a total of 620 
μg DFE/d (Bowman et al., 2017). These findings are consistent with those reported in the 
Australian survey, which is not surprising given that mandatory folate fortification is also 
present in the US. The prevalence of inadequacy and major food sources of folate were not 
reported. 
 
The Canadian Community Health Survey, including 35107 nationally representative 
respondents, reported folate intake as both naturally occurring folate from foods and synthetic 
folate from supplements or fortification (FA) (Mudryj et al., 2016). An ‘overage’ factor was 
also included in the data where it is ‘the potential extra amount of folic acid added to a product 
during fortification by the food manufacturer to prevent decay/loss during shelf life/storage’ 
(Mudryj et al., 2016). The results showed that in males aged 14-18 years, the mean amount of 
folate was as follows: 255 µg food folate; 563 DFEs; and 231 µg folic acid. The result is likely 
attributed to the mandatory fortification of 0.15 mg folic acid to 100g of white flour and 
0.20mg folic acid to 100g of pasta that was introduced in November 1998 (Mudryj et al., 
2016).  
 
The Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) study published in 
2016 collected food intake data from 2189 individuals using two 24 h recalls across Athens 
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and Heraklion (Greece), Dortmund (Germany), Ghent (Belgium), Lille (France), Pécs 
(Hungary), Rome (Italy), Stockholm (Sweden), Vienna (Austria), and Zaragoza (Spain) 
(Iglesia et al., 2017). The mean folate intake for 295 males aged 12.5-17.5 years was 215.1 μg 
folate/d. However, it is unclear whether the folate intake is in DFE albeit most European 
countries has minimal voluntary fortification and none of these countries have mandatory 
folate fortification for their wheat, maize or rice flour as of April 2020 (Murphy & Westmark, 
2020). The prevalence of inadequate folate intake among the males based on the values 
provided by Food and Nutrition Board of the Institute of Medicine (IOM) was 98% (Iglesia et 
al., 2017). Higher folate intake was associated with intakes of bread and rolls, cheese 
excluding quark, eggs, fish products, fruits, vegetable juices, oily fruits, pulses, soups and 
bouillon (Iglesia et al., 2017). 
 
A smaller study in Brazil investigated the prevalence of inadequate folate intake in 99 
adolescents aged 16-19 years in 2006 – of which, 41 participants were adolescent males 
(Steluti et al., 2011). This cross-sectional and observational study used a non-consecutive 3- 
day dietary record to collect information on dietary intake. The mean folate intake for males 
was 512.12 μg DFE/d and the prevalence of inadequate folate intake was 15.2%. It was found 
that the greatest source for folate were French bread, pasta and beans. Fortification for wheat 
and maize flour is mandatory in Brazil. 
 
Folic acid fortification was prohibited in the Netherlands until 2007 where a maximum of 
100 µg folic acid now permitted up to 100 kcal of the product (Verkaik-Kloosterman et al., 
2012). Prior to folic acid fortification of foods, almost none of the population met the folate 
requirements from dietary sources alone. In 1992, the Dutch National Food Consumption 
Survey (DNFCS) in reported the main food group contributors of folate intake were wheat 
bread, whole-meal bread and potatoes. (Konings et al., 2001). The mean daily dietary folate 




2.2.3 Major Food Group Contributors of Folate 
 
The 1997 New Zealand National Nutrition Survey (1997 NNS) showed that the main dietary 
sources of folate for the population in New Zealand were vegetables (18%), bread (13%) and 
breakfast cereals (11%) (Russell et al., 1999). In contrast, the 2002 Children’s Nutrition 
Survey ranked the major contributors of folate in the diets of children aged 11-14 as fortified 
bread (23%) and breakfast cereals (22%), followed by vegetables, potatoes, kumara and taro, 
and fruit. 
 
Since 2009, New Zealand has placed a voluntary folic acid fortification scheme which allows 
bread manufacturers to fortify their bread products with folic acid (New Zealand Food 
Safety, 2019). A Code of Practice for Voluntary Folic Acid Fortification of Bread (the Code 
of Practice) was developed by the New Zealand Association of Bakers in 2014 to increase the 
amount of packaged sliced bread being fortified. Although there was an increase of 24% 
packaged sliced bread fortified with folic acid from 2012 to 2017, only 38% of packaged 
sliced bread was fortified by the end of 2017 (Ministry of Primary Industries, 2018; New 
Zealand Food Safety, 2019) . 
 
Moreover, several other trends have been noted in food consumption patterns from 1961 to 
2002 as documented by the Food and Nutrition Monitoring Report 2006 (Ministry of Health, 
2006). In this report, it was found that both the non-starchy vegetable and fruit supply 
increased from 250 to 380g/day and from 200 to 300g/day respectively. The red meat supply 
decreased from 300 to 200g/day due to reduction of beef and sheep meat supply, but the 
poultry meat supply increased from 10 to 80g/day. More recent data will be needed to more 
accurately determine the trend of dietary intake among NZ population as initiatives for 
environmentally sustainable dietary patterns are on the rise to support the food system and 
ensuring future food security (Candy et al., 2019; Meybeck, Laval, Lévesque, & Parent, 
2018). If these initiatives cause an increase of plant-based food diets, folate intake is likely 
to increase due to higher content of folate in leafy green vegetables and bread.  In regard to 
breakfast cereals, there appears to be no significant change in the average nutrient 
composition in reports from 2006 compared to from 2003. However, results did indicate that 
breakfast cereals on average had 10% more fibre, 20% more saturated fat, 29% more sugar 






Folate is a required vitamin for cellular replication and growth, which is important 
adolescence, a period of rapid growth, folate requirements are enhanced yet difficult to meet 
by consumption of natural food folate alone. Fortification has been introduced in many 
countries worldwide, with mandatory fortification programmes proving efficacious at 
meeting the folate requirement of the whole population, including adolescent males. At 
present, New Zealand permits voluntary folic acid fortification with recent efforts to increase 
the percentage of breads fortified. The impact of fortification on the folate intakes of the New 
Zealand population has not been assessed with recent national nutrition survey reports, being 
over 15 years old for the Children’s Nutrition Survey and over 20 years old for the 1997 
Adult Nutrition survey. Given the adolescent males are one of the highest consumers of 
breads and other fortified products such as breakfast cereals, the assessment of folate intakes 
is this population group is warranted. 
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3. Objective Statement 
Adolescence is a period of rapid growth and development that requires a high-quality diet to 
meet the nutrient needs for optimal growth and development. Dietary folate is one of the 
micronutrients at risk of suboptimal intake in adolescent males, however, the most recent 
national nutrition survey data in New Zealand among adolescence is now over 15 years old. 
Since that time, dietary patterns and food availability have shifted, which may have 
influenced the folate intake and adequacy of this lifestage group. Moreover, increased folic 
acid fortification of bread in New Zealand has occurred over the last ten years. Therefore, the 
overall aim of the thesis is to evaluate the folate intake of a group of adolescent males aged 
15-18 years, including total folate, natural food folate and folic acid, for the purpose of 
providing updated information on dietary intakes to aid future dietary recommendations and 
policy. 
 
The specific objectives are: 
 
(1) To describe the usual dietary folate intakes of adolescent males aged 15 to 18 years 
old in New Zealand. 
(2) To describe the adequacy of dietary folate intake among New Zealand adolescent 
males. 
(3) To determine the main food sources contributing to folate intakes among adolescent 
males in New Zealand. 
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4. Methods  
 
4.1 Study Design 
This study is part of a larger cross-sectional survey, the Survey of Nutrition Dietary 
Assessment and Lifestyle (SuNDiAL) 2020 project that compared data across New Zealand 
to investigate the dietary intakes and habits, nutritional status, health status, motivations, 
attitudes, 24-hour activity patterns and screen time habits of from high school male students 
aged 15-18 years old. This project is a multi-centred study that included six high schools 
from Dunedin, Wellington, Christchurch, Tauranga and Auckland. Data were collected 
between the months of February to April 2020. At least two student dietitians were assigned 
at each location for recruitment and data collection. This thesis will focus on examining  
energy and folate intakes in addition to determining the main food group contributors to 
folate intake among adolescent participants. 
 
The study was approved by the University of Otago Human Ethics Committee (Health): 
H20/004 and is registered with the Australian New Zealand Clinical Trials Registry: 
ACTRN12620000185965 (Appendix A, B). Informed consent was obtained online by all 




4.1.1. School-based recruitment 
An email invitation containing information about the SuNDiAL project was sent to all the high 
schools with male students aged 15-18 years old enrolled in the areas where data collectors 
were located. The initial selection of the schools was based on schools who have males 
enrolled and a total roll of greater than 400. The school deciles were considered in the result to 
ensure appropriate representation of socioeconomic groups. Follow up contact by email or 
phone call was conducted if the schools did not respond. Additional schools were recruited in 
the local area of the data collectors when the targeted number of schools was not reached. An 
informed consent (Appendix C) was required to be completed by the schools. 
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4.1.2. Recruitment of participants 
Participants were eligible for the study if they self-identified as a male and were between the 
ages of 15 to 18 years. The participants were also required to be able to speak and understand 
English to complete the required online questionnaires. Prior to study enrolment, the data 
collectors visited participating schools in February and March 2020 to provide an information 
session. Interested students were instructed to provide their name, age and email address to 
receive a direct sign-up link through via email. 
 
4.2. Data Collection 
Demographics and health status data were collected via online questionnaires (Appendix D) in 
Research Electronic Data Capture (REDCap). Questionnaires included age and ethnicity. 
Ethnicity was collected using the NZ Census 2006 ethnicity questions with the following 
ethnic group classification: New Zealand European, Māori, Samoan, Cook Island Māori, 
Tongan, Niuean, Chinese, Indian and other (Stats New Zealand, 2013). Participant home 
addresses were used to determine New Zealand Deprivation Index (NZDep) (Atkinson, 
Salmond, & Crampton, 2014). Items collected via online questionnaires but not reported in 
this thesis included dietary habits, attitudes and motivations for food choice (Appendix E, F). 
However, supplement use collected in the dietary habit questionnaire including type, 
frequency and brand of supplement taken within the last 12 months was reported in the present 
study. Details about other data collected in this thesis (dietary and anthropometric data) were 
included below. 
 
4.2.1. Dietary intakes 
Dietary intake data were collected using two non-consecutive 24-hour dietary recalls as per 
standardized protocol and prompts to ensure information collected were as accurate as 
possible and to prevent interviewer bias (Appendix G). Participants were asked to recall 
everything they ate from midnight to midnight the previous day. Detailed information such as 
brands of food items, cooking methods, the quantity of food and portion sizes were recorded. 
Household measures such as measuring cups and spoons, food models and portion size 
photographs were used when possible to record the information. The first recall was conducted 
in person while the second 24-hour dietary recall was recorded over the phone or by video-call 
on a weekend day at least one week after the first recall. Diet recall data were entered into 
nutrient analysis software FoodWorks 9 (Xyris Software Australia Pty Ltd) by the trained data 
collectors to calculate the intake of energy, macro- and micronutrients using the most up-to-
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date food composition tables for New Zealand (FOODfiles 2018 (The New Zealand Institute 
for Plant & Food Research Limited)) with the inclusion of ANS0809 recipe calculated foods. 
Unavailable products from the dietary recalls were substituted with another similar available 
product in FoodWorks9 that has less than 10% difference in energy, macro- and micro-
nutrients based on the product’s nutrition information panel (NIP). Recipes provided by 
participants were entered into FoodWorks with assigned retention factor for each individual 
ingredient to allow accurate nutrient analyses.  
 
The folic acid content of 28 fortified breads reported by participants included in FOODfiles 
2018 were based on the folic acid content of breads sampled by the Baking Industry Research 
Trust (T.G. Watson, 2018). However, it was noted that this folic acid value was tested by 
AsureQuality using the Biacore method, which does not distinguish folic acid from food folate. 
Hence, the candidate reviewed the FOODfiles data and made adjustments to the values, taking 
natural food folate into account. Adjustments were made by calculating the folic acid content 
[Folic acid = Total folate - Food folate (natural) which was estimated from a similar non-
fortified food]. This method was also applied when analysing breakfast cereals. 
 
All food and beverages consumed by participants were categorized into 33 food groups 
(Appendix H) and used to determine the percentage contribution of folate (total folate, 
natural food folate and folic acid) from food groups to the total respective folate intake. 
 
4.2.2. Anthropometry 
Height and weight were measured by trained data collectors. All the procedures were carried 
out according to the study protocol and standardized techniques (Appendix I). Each 
measurement was recorded twice using stadiometers (Seca 213; and Wedderburn) for height 
and weight was measured using digital scales (one of Medisana PS420; Salter 9037 BK3R; 
Seca Alpha 770; or Soehnle Style Sense Comfort 400). All equipment was calibrated and 
measurements were taken to the nearest 0.1kg for weight and 0.1cm for height. A third 
measurement was taken if the first and second measurement were more than 0.5 units apart, 
and an average from the three values was calculated. The WHO growth reference for school-
aged children and adolescents were used to calculate the body mass index z-score (BMI z-
score) (Onis et al., 2007). A range of z-score was then classified as follows: z-score of less 




4.3. Statistical Analyses 
The sample size and statistical power for this study were calculated by Dr Jill Haszard, a 
biostatistician from the Department of Human Nutrition at the University of Otago. One 
hundred participants would provide a precision level of +/- 0.2 SD (standard deviations) in 
estimating the mean nutrient intakes with a 95% precision interval. 
 
To adjust the dietary intake data for usual intake, the Multiple Source Method (MSM) 
programme was used (Harttig, Haubrock, Knüppel, & Boeing, 2011). In doing so, an 
estimation of usual intake for food folate and total folate DFE were calculated from the data. 
Having data from a second 24-hour diet recall allowed for an estimation of day-to-day 
variation in folate intake. However, this is unavailable for folic acid as most participants 
consumed no folic acid in a day, making adjustment for usual intake impossible and is thus 
presented as a mean daily intake calculated from the two recalls. 
 
Overall dietary energy and folate intakes were expressed as mean (SD) and median (IQR) or as 
a percentage where appropriate. Total folate DFEs were compared with the EAR to determine 
the proportion of the sample population that met these recommendations. In addition, for each 
participant, the proportion of their total food folate, folic acid and total folate DFE intake from 
33 food groups were also calculated using the Stata (Statacorp, Texas. 2017. Stata Statistical 
Software: release 16 College Station, TX: StataCorp LLC). These 33 food groups are of the 
same food groups from the 2008/09 ANS. The percentage contribution of folate (in its various 
forms) from the 33 groups were ranked highest to lowest. 
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Of the 146 eligible participants who consented to participate in the study, (Figure 5.2), 
128 (87.7%) completed the socio-demographic questionnaire; 102 (69.9%) completed 
the first 24-hr recall, with 72 (49.3%) completing a second recall; and 109 (74.7%) 
completed anthropometric measurements (Figure 5.2). 
 
Table 5.1 shows the sociodemographic and anthropometric characteristics of the 
participants. The average age of participants was 16.6 years. The majority of the study 
participants identify themselves as New Zealand European and Others (NZEO) (57%) or 
Asian (32%), nearly two-thirds were residing in medium (42%) or high deprivation areas 









Figure 5.1. SuNDiAL 2020 school recruitment flow chart 
Eligible schools 
N=140 
Schools selected for invitation by email 
N=140 
• No response, n=122 
• Declined, n=10 
• Accepted, but did not participate due to 
COVID-19, n=2 
• Consented to participate, n=8 
6 schools participated 














Figure 5.2. Recruitment of SuNDiAL 2020 participants 
Eligible participants 
N=1664 
• Participants responded, n=334 
Eligible participants sent link to enrolment 
N=334 
• Did not complete consent, n=101 
• No parental consent, n=76 
• Did not complete enrolment, n=10 
• Excluded, older than 18 years old, n=1 
Consented to participate 
N=146 
• Did not complete any questionnaire or 
24-hour recall, n=11 
Participants included 
N=135 
• Completed online questionnaires, n=128 
• Completed the health and demographics 
questionnaire, n=128 
• Completed the attitudes and motivations 
questionnaire, n=124 
• Completed the dietary habits questionnaire, 
n=122 
• Completed a 24-hour recall, n=102 
• Completed a second 24-hour recall, n=72 
• Completed the anthropometric measures, n=109 
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Table 5.1. Sociodemographic and anthropometric characteristics of the male participants1 
 
Characteristic n n (%) Mean ± SD 
Age, years 135  16.6 ± 0.7 
Ethnicity 129   
NZEO  73 (56.6)  
Māori  12 (9.3)  
Pacific  3 (2.3)  
Asian 




41 (31.8)  
Low  46 (35.7)  
Medium  54 (41.9)  
High  29 (22.5)  
Weight, kg 109  70 ± 14.95 
Height, cm 109  176 ± 7.24 
BMI Z-score category2 109   
Healthy (-2 - ≤1)  74 (67.9)  
Overweight (>1 – 2)  29 (26.6)  
Obese (>2)  6 (5.5)  
Abbreviations: BMI, body mass index (kg/m2); NZEO, New Zealand European/Other 
1NZ deprivation index was based off categories reported in 2018 with low levels of deprivation=1-3, 
moderate levels of deprivation=4-7, high levels of deprivation=8-10 
2BMI categories defined: Underweight <18.5kg/m2, Healthy 18.5 – 24.9kg/m2, Overweight 
25 – 29.9kg/m2, Obese >30kg/m2. 
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Estimated usual dietary folate intake 
 
Table 5.2 shows the estimated energy and folate intakes of all participants and across 
sociodemographic and BMI subgroups together with the percentage below recommended 
intake. The usual median total folate intake of the whole sample was 454 μg DFEs/day (range 
119-1831μg DFEs/day) with approximately one-quarter of participants not meeting the EAR. 
Participants aged 16 appeared to be at a higher risk of folate inadequacy (38%) compared to 
other age groups. A higher prevalence of inadequate intakes of total folate was observed for 
Asian (35%) and Pacific (33%) participants than for Māori (29%) and NZEO participants 
(19.3%). Findings of dietary intake for the Pacific participants were unable to be determined 
due to the low number of respondents, albeit the three Pacific participants had nearly double 
energy intake than Asian participants. The prevalence of inadequate folate intake did not 
appear to differ among socioeconomic deprivation but did appear slightly lower among obese 
participants (20%) compared to normal weight (26%) or overweight (24%). 
 
The usual median intakes of folic acid from the diet (i.e. fortified foods) was 77 μg/d, with 
NZEO (117 μg/d) and those residing in medium deprivation neighbourhoods (113 μg/d) 
having substantially higher folic acid intakes than their respective comparable groups. 
Surprisingly, obese participants had a median folic acid intake that was four times greater 
than normal and overweight participants (412 μg/d vs 101 and 67 μg/d, respectively) despite 
similar intakes of natural food folate albeit, once again, the sample size was small in obese 
participants (n=5). No participant had intakes of folic acid above the UL. Use of supplements 
that contains folic acid were reported by 5 participants, with folic acid content ranging from 




Table 5.2. Usual folate intake (μg/d) of food folate, folic acid and total folate DFEs, and the prevalence of folate inadequacy among New 
Zealand adolescent males aged 15-18. 
Energy 
Participant Group (kJ/day) 









Mean ± SD Median (25th -75th)   n (%) 
Overall folate intake 102 10077 ± 3215 260 (207, 305) 77 (0, 226) 454 (334, 715) 25 (24.5) 
Age 
      
15 10 9500 ± 2783 273 (206, 273) 124 (0, 124) 452 (348, 452) 2 (20.0) 
16 37 9378 ± 2314 253 (206, 287) 38 (0, 154) 385 (290, 596) 14 (37.8) 
17 41 10788 ± 3990 258 (208, 363) 85 (0, 187) 478 (370, 716) 7 (17.1) 
18 14 10252 ± 2803 267 (228, 323) 117 (44, 316) 567 (421, 740) 2 (14.3) 
Ethnicity       
NZEO 57 10422 ± 2592 273 (209, 333) 116 (0, 275) 504 (356, 792) 11 (19.3) 
Māori 7 9020 ± 2854 202 (200, 276) 59 (0, 150) 375 (308, 468) 2 (28.6) 
Pacific 3 16191 ± 11706 299 (238, 394) 0 (0, 0) 390 (306, 522) 1 (33.3) 
Asian 29 8865 ± 2204 246 (214, 276) 44 (0, 127) 385 (298, 507) 10 (34.5) 
NZ Deprivation Category2 
Low 31 9657 ± 2487 256 (217, 284) 54 (0, 184) 431 (354, 669) 7 (22.6) 
Medium 41 10191 ± 2774 258 (205, 333) 113 (0, 239) 496 (316, 853) 11 (26.8) 




BMI Z-score category3  
Healthy (-2 - ≤1) 58 9928 ± 2350 262 (216, 307) 101 (0, 226) 458 (320, 739) 15 (25.9) 
Overweight (>1 – 2) 25 11114 ± 4893 275 (205, 354) 67 (0, 243) 547 (356, 784) 6 (24.0) 
Obese (>2) 5 11481 ± 2917 225 (206, 299) 412 (0, 510) 634 (390, 875) 1 (20.0) 
1Intake considered inadequate when intake value is below EAR (as dietary folate equivalents), which is 330 μg/day for boys aged 14-18yr 
2NZ deprivation index was based off categories reported in 2018 with low levels of deprivation=1-3, moderate levels of deprivation=4-7, high levels of 
deprivation=8-10 
3BMI categories defined: Underweight <18.5kg/m2, Healthy 18.5 – 24.9kg/m2, Overweight 25 – 29.9kg/m2, Obese >30kg/m2. 
 
Food groups contributing to total folate intake 
The top 10 food groups contributing to the total folate intake are presented in Table 5.3. 
Breakfast cereals were consumed by over half of the participants and ranked as the highest 
contributor of total folate (25%) followed by bread (17%), which was consumed by the 
majority of participants (82%). Both breakfast cereals and breads in New Zealand are 
fortified with folic acid, and together contributed almost 50% to the folic acid intake (Table 
5.3), followed by non-alcoholic beverages, savoury sauces and condiments and bread-based 
dishes which contributed less than 2% each. Non-fortified foods groups such as vegetables, 
grains and pasta and milk were also consumed widely by participants and ranked in the top 5 















































Table 5.3. Top ten sources of total folate DFEs intake of 102 male adolescent aged 15-18 years 
 
Ranking Food groups % Contribution to total folate 
intake of population 
Number of participants 
consuming food group 
  Mean (95% CI) n (%) 
1 Breakfast cereals 25.4 (19.8, 31.1) 56 (54.9) 
2 Bread1 16.31 (12.7, 19.9) 84 (82.4) 
3 Vegetables 7.65 (5.18, 10.12) 74 (72.5) 
4 Grains and pasta 6.71 (4.72, 8.70) 72 (70.6) 
5 Milk 6.50 (4.94, 8.06) 72 (70.6) 
6 Poultry 4.67 (2.93, 6.41) 56 (54.9) 
7 Bread based dishes 4.59 (2.06, 7.11) 28 (27.5) 
8 Eggs and egg dishes 4.32 (2.52, 6.12) 32 (31.4) 
9 Fruit 4.00 (2.72, 5.28) 60 (58.8) 
10 Potatoes, kumara and taro 3.72 (2.42, 5.02) 48 (47.1) 
1Bread including rolls and specialty bread 
 
 
Table 5.4. Comparison of the top ten food groups sources for food folate and folic acid in percentages 
 
Ranking Food groups Food folate Food groups Folic acid 
  Mean (%)  Mean (%) 
1 Bread1 14.29 Breakfast cereals 42.10 
2 Vegetables 11.12 Bread1 16.98 
3 Milk 10.59 Non-alcoholic beverages 1.19 
4 Grains and pasta 8.89 Savoury sauces and condiments 1.16 
5 Fruit 6.79 Bread based dishes 1.04 
6 Poultry 6.06 Cakes and muffins 0.98 
7 Bread based dishes 5.83 Biscuits 0.98 
8 Potatoes, kumara and taro 5.72 Potatoes, kumara and taro 0.98 
9 Eggs and egg dishes 5.13 Supplements providing energy 0.66 
10 Breakfast cereals 3.82 Milk 0.47 
1Bread including rolls and specialty bread 
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6. Discussion and Conclusion  
 
Summary of main findings 
The present study shows a considerable risk of dietary folate inadequacy among New 
Zealand male adolescents aged 15-18 years old. These data are important as it has been 
over 20 years since a nationally representative survey investigated the intake of folate 
intake in the New Zealand diet (Russell et al., 1999). Several sociodemographic subgroups 
appeared to be at higher risk of suboptimal intakes and inadequacy, such as those 
identifying as Asian and Pacific. In addition, participants classified as healthy and 
overweight also appeared at a higher risk of folate inadequacy compared to obese 
participants albeit sample size was small for the latter group. The major food contributors 
to total folate intake in the present study were breakfast cereals and breads – mostly due to 
the voluntary folic acid fortification of a substantial number of food products categorised 
in these two food groups. 
 
Folate intakes of the sample population 
Dietary folate inadequacy in the present study was high (25%) despite intake of folate 
estimated to be higher than those reported in the last national nutrition survey in 1997 
(Russell et al., 1999). The total folate intake from this study (454 DFEs/day) is not 
comparable to the total folate intake reported in the last nutrition survey in 1997 (280 μg 
folate/day) as it was not specified if the value for 1997 folate intake was measured in 
DFEs. The increase in the number of food products fortified with folic over the past 20 
years may have resulted in the higher reported total folate intake. For example, from 2013 
to 2017, the voluntary fortification of products with folic acid increased from 321 to 432 
products (Ministry for Primary Industries, 2018). Breakfast cereals had the highest number 
of fortified products (34%) in 2017, supporting the findings in this study whereby 
breakfast cereals were the major contributor to intakes of both total folate and folic acid. 
Similarly, bread was ranked as the second highest contributor of both total folate and folic 
acid intake among study participants, with reports indicating that the volume of folic acid 
fortified packaged sliced breads increased from 14% to 38% from 2012 to 2016 (Watson, 
2018). 
 
Socioeconomic factors may influence the dietary quality, and, indeed, the present study 
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demonstrated a slightly higher prevalence of inadequate folate intakes among participants 
residing in higher deprivation neighbourhoods despite higher intakes of energy compared 
to those living in less deprived areas. In addition, Pacific, Māori and Asian participants had 
a higher prevalence of inadequacy compared to NZEO participants. This was likely due to 
the substantially higher intake of folic acid among NZEO participants. Although the type 
of food products contributing to folate intake by each ethnic group was not explored in this 
study, NZEO are likely consuming a higher intake of fortified breakfast cereals. Previous 
research indicates that breakfast consumption was most frequent among NZEO children 
(91.7%) relative to about half of Pacific children (52.4%), and least likely to be consumed 
by those living in the most socioeconomic deprived areas (Utter, Scragg, Mhurchu, & 
Schaaf, 2007). Another study supports these findings showing that NZEO adults are the 
highest consumers of breakfast cereals, followed by Māori, Pacific and Asian men and 
women (Metcalf et al., 2008). Moreover, Asian participants in the present study may be 
consuming less bread as supported by a study of reproductive age New Zealand women 
which also found Asian women consumed significantly less bread than their respective 
ethnic counterparts (Mallard et al., 2012). 
 
Compared to Australian adolescent males of a similar age, NZ males in the present study 
were consuming approximately 200 μg DFE/d less total folate. Australia mandated the 
folic acid fortification of wheat flour for bread making in 2009. Prior to Australia’s 
mandatory fortification programme, the estimated intake of folic acid from voluntarily 
fortified foods in adolescents aged 14-16 years was 110 μg/d – an intake slightly higher 
than the present study (77 μg/d) (Dugbaza & Cunningham, 2012). Following mandatory 
bread fortification, adolescents (both sexes) experienced a substantial increase in folic acid 
intake by an additional 213 μg/d (Food Standards Australia New Zealand, 2016). As such, 
bread was the major food contributor to folic acid intakes (43%) among Australian 
adolescents with breakfast cereals ranking fifth, falling from contributing 42% pre-
fortification to 14% post-fortification. 
 
Likewise, male adolescents in the US and Canada where mandatory folic acid fortification 
has been present since 1998, have higher total folate and folic acid intakes than those in 
the present study (Bowman et al., 2017; Mudryj et al., 2016). For example, the US 
NHANES 2013-2014 survey reported that males aged 12-19 years consumed mean food 
folate of 195 μg/d, and 250 μg/d of folic acid, equivalent to a total of 620 μg DFE/d 
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(Bowman et al., 2017). In Canada, the average total folate intake (in DFEs) for all life- 
stage groups were above the EAR, with the highest intakes seen among males ages 14-50 
years old, likely as a result of mandatory fortification (Mudryj et al., 2016). Nonetheless, 
this latter study concluded that folate consumption from naturally occurring and fortified 
food sources may still not be enough to achieve desirable folate intakes post-fortification 
among certain sub-groups of Canadians who have higher folate requirement. 
 
In countries with little to no fortification policies, the prevalence of folate inadequacy was 
higher when compared to findings in the present study. The Healthy Lifestyle in Europe by 
Nutrition in Adolescence (HELENA) study published in 2016 reported a mean folate 
intake of 215 μg/d for 295 males aged 12.5-17.5 years (Iglesia et al., 2017) – an intake less 
than half the total folate intake of our results. Although it is unclear whether the folate 
intake presented in HELENA was in DFEs, most European countries have minimal 
voluntary folic acid fortification and none of these countries has mandatory folate 
fortification. 
 
Similarly, a study evaluating dietary folate intakes among a nationally representative 
sample of Spanish adolescents (both sexes) reported total folate intakes of 203 μg/d, with 
vegetables, cereals/grains, milk and dairy products, and fruit being the main dietary 
sources of folate (Partearroyo et al., 2017). Likewise, a study in the Netherlands conducted 
when folic acid fortification was not permitted also showed that Dutch male adolescents 
failed to meet the folate requirements, with a mean folate intake of 215 μg DFE/d 
(Konings et al., 2001). Wheat bread, whole-meal bread and potatoes were the main folate 
sources, which contain a considerable amount of natural food folate but was insufficient to 
help the Dutch population achieve adequate folate intake. 
 
When comparing the folate intake among New Zealand male adolescents to other 
countries that do not have widespread folic acid fortification policies in place, it is 
apparent that the voluntary policy in New Zealand has resulted in a higher folate intake 
among the population. However, there may still be a considerable risk of inadequate 
folate intake in this population group. This might be due to the poor implementation of 
voluntary fortification of food products by the food industry, suggesting mandatory folic 
acid fortification is warranted to improve the folate intakes of targeted population groups. 
This strategy is further supported by countries like the USA, Australia and Canada, which 
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have shown an effective increase in the population folate intake from mandated folic acid 
fortification of their food supply. In particular, certain subgroups in the present study 
were likely not consuming the current fortified products as part of their daily diet, 
implying that careful fortification modelling of food vehicles is needed to best improve 
the folate intake across all population subgroups in New Zealand. 
 
Strengths and Limitations of the study 
The present study had a number of strengths and limitations. Standardised data collection 
protocols and methodology were employed to ensure the accuracy and reliability of the 
data and results. In addition, two non-consecutive 24-hour diet recalls were collected, 
desirably with a gap of one week between them. Moreover, an effort was made to collect 
dietary intake data on a weekday and weekend day where possible. The collection of two 
diet records by a large proportion of the sample population (71%) allowed for an 
estimation of usual dietary intake adjusted for the within-person variation. Another study 
strength included the care taken to ensure food composition values for folate fortified 
products such as breads and breakfast cereals reported by the participants were updated to 
prevent underestimation of the overall total folate intake. Nonetheless, the dietary data 
were collected over a two months period in the year and did not account for potential 
seasonal variation in food folate intake. 
 
Other limitations include the non-representative nature of the participant recruitment and 
thus, caution is warranted in applying the results to the general population. In particular, 
the sample size was limited across certain demographic subgroups with a higher 
proportion of Asian males enrolled (32%) as compared to the demographics of New 
Zealand (12%) (New Zealand Children’s Commissioner, 2016). Despite the extensive food 
composition table, substitution of food items did occur which may have under- or 
overestimated folate intakes. Similarly, no detailed data were collected on dietary 
supplement use which may have also underestimated folate intakes, however, only 4.9% 
reported use of a dietary supplement that contained folic acid. Lastly, an analysis of blood 
folate status was not included in the present study, which would have allowed for 




Implications for future research 
Further research is needed to further investigate the prevalence of folate inadequacy in this 
population group. A more representative sample of adolescent males aged 15-18 years old 
collected throughout a one-year period is warranted to confirm the findings of the present 
study. More detailed information about supplement use is also needed from the 
participants to prevent an underestimation of folate intake, particularly given common 
usage of multivitamin drinks such as Berocca which contains 400 μg of folic acid per 
serving. The food database used for nutrient analysis needs to be updated regularly to 
ensure data from participants’ diet recalls can be accurately analysed. Blood folate status 
from blood samples of the participants along with information from dietary recalls, will 
also provide a better snapshot and assessment of the current folate intake. 
 
Conclusion 
Overall, the data reported here suggest that these adolescent males may be at risk of 
insufficient folate intake with lower socioeconomic participants and certain ethnic groups 
exhibiting higher risk, supporting the need to improve total folate intake in these targeted 
subgroups. Although increased voluntary fortification practices in New Zealand has likely 
improved the folate intake of this lifestage group, modelling the impact of different 
mandatory fortification strategies to decrease the overall prevalence of folate inadequacy 
across the lifecycle would be advantageous. To this end, updated national nutrition survey 
data are needed to provide a representative population sample of folate intakes and potential 
food fortification vehicles. Ongoing monitoring of the changes in dietary patterns and folate 
intake together with blood biomarker data are essential to evaluate the effectiveness of 
mandatory fortification efforts 
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7. Application of research to dietetic practice 
 
7.1. Applicability and relevance of research to dietetic practice 
The results from this study suggest that about one-quarter of male adolescents surveyed 
were not meeting the EAR for folate intake. This level of dietary inadequacy is considered 
a public health concern. Adolescence is an important period of growth where specific 
nutrients are required for ongoing growth and development. Folate intakes are usually 
neglected among male adolescents due to the emphasis of its importance for women of 
childbearing age. As such, dietitians need to be aware of the risk of inadequate folate 
intakes among this male lifestage group. 
 
To this end, understanding the food sources that are rich in folate and the policy regarding 
folic acid fortification in New Zealand is crucial for dietitians in helping this lifecycle 
group in meeting their daily folate requirements. By knowing this, dietitians can then 
advise accordingly, such as increasing intakes of certain food groups or choosing products 
that are fortified. For example, breakfast cereals are an excellent source of folate due to 
fortification, however, not all of them are fortified. Nutrition education can ensure this 
group is more intentional in their choices to select products to improve their folate intake. 
Dietitians should also be considerate of the constraints from any suggested dietary changes 
as they should be both achievable and feasible in order to be incorporated into their daily 
lives. Suggestions like increasing intake of certain food groups that are currently 
consumed by the boys such as green leafy vegetables may be better than recommending 
the consumption of fortified breakfast cereals if this type of food product is not normally 
part of their diet. 
 
Most adolescent males aged 15-18 years old are still under the care of their parents or 
guardians, so another strategy is to provide education about folate to the parents and 
guardians, particularly given they are in often responsible for the food offered and 
accessed by this target group. Parents are also usually the role model that the adolescent 
males look up to, and dietary habits during this lifestage will shape their eating behaviour 
in adulthood. 
 
Despite having a higher contribution to total folate intake of the population, only about 
half of the sample population were consuming breakfast cereals compared to bread, 
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vegetables, milk, grains and pasta. This implies that even though breakfast cereals are the 
top source of folate due to folic acid fortification, it is only able to increase the folate 
intake among half of the male adolescent population studied. The study also revealed 
differences in the main food group contributors of folate across each ethnicity group. To 
this end, bread – the previously considered fortification vehicle, may not be the most 
suitable fortified products to reach different ethnic groups in New Zealand. This finding 
may suggest that fortifying flour rather than bread directly, will ensure more widespread 
distribution in the food supply and a more effective way of raising the folate intake across 
the population. 
 
Currently, New Zealand has a voluntary folic acid fortification policy in place, but the 
results show that this may be insufficient to meet the EAR for about a quarter of the male 
adolescents’ population. These data should prompt the government to conduct a 
nationwide nutrition survey that can more accurately report the current folate intake among 
the adolescent males since the nutrition survey over 20 years ago. This is important in 
informing guidelines in the future around the diet and fortification recommendations to 
ensure an adequate folate intake. It is our responsibility as dietitians to inform and 
advocate the importance of strategic and evidence-based policy to improve the health and 
well- being of the New Zealand population to the government and the public. 
 
7.2. What this research experience has meant to me 
 
This research experience has totally changed my attitude towards reading research papers. 
I have a much greater appreciation for the abundance of work put into behind the scenes, 
where every step is crucial, from data collection to processing and analysis through to its 
interpretation. The most memorable incident during this research was when there were 
some necessary changes to the food composition table and changes required after I 
finished writing my results and discussions section. Panic began to set in when I found out 
that I would have to rewrite certain parts of the result section, which may result in a 
different direction for my conclusion. However, this was a blessing in disguise as I was 
able to better understand my data and how it was processed by the data analyst. I used to 
struggle reading research papers but now I find reading them interesting, especially when I 
now better understand the layout and purpose to the different sections. I started reading 
books and research papers now not because I was required to, but rather because they 
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interest me. I realised how lucky I am to be able to read other researchers’ works, how 
generous of them to share the valuable information they learnt and that we can build our 
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Manager, Academic Committees, Mr Gary Witte 
Dr M Peddie 
Department of Human Nutrition 
Division of Sciences 
10 February 2020 
Dear Dr Peddie, 
I am again writing to you concerning your proposal entitled “SuNDiAL Project: Survey of 
Nutrition Dietary Assessment and Lifestyle 2020: Adolescent males.”, Ethics Committee 
reference number H20/004. 
 
Thank you for your email of 5th February 2020 with response attached addressing the issues 
raised by the Committee. 
 
On the basis of this response, I am pleased to confirm that the proposal now has full ethical 
approval to proceed. 
 
The standard conditions of approval for all human research projects reviewed and approved 
by the Committee are the following: 
 
Conduct the research project strictly in accordance with the research proposal submitted and 
granted ethics approval, including any amendments required to be made to the proposal by 
the Human Research Ethics Committee. 
 
Final report: A Final Report is required by the Committee upon completion of the study. The 
Final Report template can be found on the Human Ethics Web Page 
https://www.otago.ac.nz/council/committees/committees/HumanEthicsCommittees.html 
 
Adverse or unforeseen events: Inform the Human Research Ethics Committee immediately 
of anything which may warrant review of ethics approval of the research project, including: 
serious or unexpected adverse effects on participants; unforeseen events that might affect 
continued ethical acceptability of the project; and a written report about these matters must be 
submitted to the Academic Committees Office by no later than the next working day after 
recognition of an adverse occurrence/event. Please note that in cases of adverse events an 








































Wednesday, 12 February 2020 
 
Dr Meredith Peddie 





Tēnā Koe Dr Meredith Peddie, 
 
SuNDiAL Project: Survey of Nutrition Dietary Assessment and Lifestyle 2020: 
Adolescent males 
 
The Ngāi Tahu Research Consultation Committee (the Committee) met on Tuesday, 
11 February 2020 to discuss your research proposition. 
 
By way of introduction, this response from the Committee is provided as part of the 
Memorandum of Understanding between Te Rūnanga o Ngāi Tahu and the 
University. In the statement of principles of the memorandum it states ″Ngāi Tahu 
acknowledges that the consultation process outline in this policy provides no power 
of veto by Ngāi Tahu to research undertaken at the University of Otago″. As such, 
this response is not ″approval″ or ″mandate″ for the research, rather it is a mandated 
response from a Ngāi Tahu appointed committee. This process is part of a number of 
requirements for researchers to undertake and does not cover other issues relating 
to ethics, including methodology they are separate requirements with other 
committees, for example the Human Ethics Committee, etc. 
 
Within the context of the Policy for Research Consultation with Māori, the Committee 
base consultation on that defined by Justice McGechan: 
 
″Consultation does not mean negotiation or agreement. It means: setting out a 
proposal not fully decided upon; adequately informing a party about relevant 
information upon which the proposal is based; listening to what the others have to 
say with an open mind (in that there is room to be persuaded against the proposal); 
undertaking that task in a genuine and not cosmetic manner. Reaching a decision 
that may or may not alter the original proposal.″ 
 
The Committee is aware of the researcher's experience in similar studies that have 
been referred to this Committee. As in the past, the Committee encourages the 
collection of ethnicity data as part of the research project as a right of participants to 
express self-identity. The Committee also supports the analysis of cultural 
perspectives on diet, nutrition and social activities such as screen time which may 
have an impact on the research findings. 
 
The Committee acknowledges the aims and outcomes of this research project, and 
wishes to advise that further consultation is not required. 
 
This letter of suggestion, recommendation and advice is current for an 18-month 





appreciate receiving a copy of the research findings. 
 
 
The recommendations and suggestions above are provided on your proposal 
submitted through the consultation website process. These recommendations and 
suggestions do not necessarily relate to ethical issues with the research, including 
methodology. Other committees may also provide feedback in these areas. 
 








Manager, Māori Research Consultation; Senior Project Manager 
Office of Māori Development 
Te Whare Wānanga o Otākou 
































Study Consent & Eligibility 
Page 1 
Thank you for showing an interest in this project. Please read the information about the SuNDiAL project carefully. 
This can be found on our website www.otago.ac.nz/sundial. Take time to think about it and talk with family or friends 
before you decide whether to take part or not. If you decide to take part we thank you. If you decide not to take part 
that won't disadvantage you and we thank you for considering our request. 
What is the aim of this research project? 
The food and activity patterns of teenage boys probably influence their health and wellbeing. However, we don't 
know much about teenage boys' food intakes and physical activity patterns in New Zealand. Teenagers often make 
their own decisions about what foods to eat, but why they choose the foods they do is not well known. Last year we 
conducted a similar study in teenage girls. To get a more complete picture of what the teenagers of New Zealand eat 
and how they spend their time the SuNDiAL project is now going to investigate the food intakes and physical activity 
of adolescent males (aged 15-18 years), and why they choose to eat the way they do. 
Who is funding this project? 
This project is funded by the Department of Human Nutrition, University of Otago. 
Who are we seeking to take part in the project? 
We are looking for at least 150 male high school students who are between 15 to 18 years old. To be eligible to take 
part, your high school must have agreed to take part in the study, you must speak and understand English, and be 
able to complete the questionnaires. 
If you take part, what will you be asked to do? 
If you agree to take part in this study you will be asked to do three things: 
1) Complete an online questionnaire 
After you have completed the consent process you will be asked to complete an online questionnaire that asks 
questions about your health and some general questions such as what ethnicity you identify with. This online 
questionnaire also asks you about your overall eating habits, and why you choose to eat the foods that you do. It 
should take about 30 minutes to complete. 
2) Attend a session at your school with our research team 
This visit will take about 60 minutes during the school day and you will be asked to: 
Complete a face to face interview with one of our research team where you will be asked to recall everything you ate 
and drank the day before. They will also ask you to recall how you spent your time during that day. 
 
At this session one of our research team will also measure your blood pressure, height, weight and the length of your 
lower arm. Blood pressure will be measured three times, and the other measurements will be taken twice to make 
sure they are as accurate as possible. This will be done in a private space and you won't be told these measurements 
unless you ask for them. 






3) Complete a second interview about the food you have eaten and your physical activity on another day 
 
 
Sometime in the 2 weeks after you have finished the session at school you will be contacted by the research team and asked to 
complete a second interview where you will be asked to recall everything you ate and drank and how you spent your time on a 
different day of the week than the first interview. This is important because sometimes you can eat quite differently or do different 






Contact Meredith or Tessa (ph 03 479 8157) or Jill (ph 03 479 5683) or email us on: sundial@otago.ac.nz 
 
 
This study has been approved by the University of Otago Human Ethics Committee (Health) reference number H20/004. If you 
have any concerns about the ethical conduct of the research you may contact the Committee through the Human Ethics Committee 
Administrator (phone +64 3 479 8256 or email gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and 












You have read the information about the study and understand the aims of the study 
 
You have had all your questions answered about the study and understand that you can ask for more information at any stage 
 
You are a young male who is 15 to 18 years old 
 
You have chosen to take part, but you know you can pull out of the study anytime before it finishes in October 2020 
 
You know that as a participant you will be asked to complete questionnaires about why you choose to eat the foods that you do, 
and have your blood pressure, height, weight and the length of your forearm measured, and complete interviews about the food that 
you eat and how you spend your time over two different 24 h periods 
 
You know that the responses you provide to the questionnaires in this study will be recorded aginst an ID number, not your name. 
The information linking you to this ID number will be destroyed once all the data has been collected and you have been given the 
opportunity to request your individual information. The remaining data, which will not be able to be linked back to you in anyway, 
will be placed in secure storage and kept for at least ten years 
 
You understand the results of the project may be published and be available from the University of Otago You know 
that no commercial use will be made of this data 





Agreeing to this part of the study does not mean that you have agreed to give a blood sample, a urine sample or to wear an 




















None of the above 
 
What high school do you attend? Macleans College 
John Paul College 
Papamoa College 
Catholic Cathedral College South 
Otago High School 
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Thank you for agreeing to taking part in the SuNDiAL project! If you are male and aged 15-18 
years of age, please answer the following questions: 
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Click on the "AGREE" button below if: 
- You have read the information on the website 
- You want to take part in these parts of the study 
 




We would like you to provide a blood sample (which would be collected by someone with extensive training in how to take a blood 
sample), but we understand that not everyone feels comfortable about this so it is entirely up to you if you do this. You can still take 
part in the rest of the study even if you don't do this bit. 
 
Click on the 'AGREE' button below if: 
You agree to have a blood sample collected by a phlebotomist (someone with special training in how to take a blood sample) You 
understand the possible risk and discomfort involved in providing a blood sample You understand that your blood sample will be 
analysed locally for concentrations of cholesterol and HbA1c You know that the concentrations of things measured in your blood 
will be recorded against an ID number. The information linking you to this ID number will be destroyed once all the data has been 
collected and you have been given the opportunity to request your individual information. The remaining data, which will not be 
able to be linked back to you in any way, will be placed in secure storage and kept for at least ten years You will receive an 








We would also like you to give a urine sample ("pee or wee") - which is easy for you collect yourself with the equipment we give 
you. You can still take part in the rest of the study even if you don't do this bit. 
 
Click on the 'AGREE' button below if you are ok with providing a urine sample: 
You agree to provide a urine sample You understand that your urine sample will be frozen and transported to the University of 
Otago where it will be stored until it is analysed for iodine concentrations You understand that your urine sample will only be 
analysed for iodine concentrations You know that the concentrations of iodine measured in your urine will be recorded against an 
ID number. The information linking you to this ID number will be destroyed once all the data has been collected and you have been 
given the opportunity to request your individual information. The remaining data, which will not be able to be linked back to you in 
any way, will be placed in secure storage and kept for at least ten years You will receive an additional $5 voucher if you provide a 
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Thank you! You are eligible to take part in the SuNDiAL project! 
 
There are three other parts to the SuNDiAL project that are optional. Please read the following 
information carefully before you decide whether to take part in these optional bits of the 
study. For each one of these that you do, you will receive a $5 gift voucher from New World or 
PaknSave. 
 
If you agree to do these, but change your mind later, that's OK - there is no disadvantage to 
you if you decide not to do these. 
 










We would also like you to wear a small red box called an accelerometer on an elastic belt 24 hours a day for seven days. This will 
tell us how much time you spend sitting down, moving around, and sleeping. If you choose to wear the accelerometer you will be 
asked to complete a little diary about the times your took the device off, and what time you went to bed each night on the days that 
you wear it. 
 
One of our research team will return to your school the week after this visit to collect the accelerometer. You can still take part in the 
rest of the study even if you don't do this bit. 
 
Please click the 'AGREE' button below if: 
You agree to wear an accelerometer for 24 hours a day for seven days You understand the during this time you will asked to record 
in a diary provided to you when you take the accelerometer on and off, and when you go to bed each night You know that amount of 
time you spend sleeping and moving will be recorded against an ID number. The information linking you to this ID number will be 
destroyed once all the data has been collected and you have been given the opportunity to request your individual information. The 
remaining data, which will not be able to be linked back to you in anyway, will be placed in secure storage and kept for at least ten 
years You will receive an additional 
$5 voucher if you wear the accelerometer for seven days and return it to the research team when they visit your school If you do 
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What is your first name? 
 
What is your last name? 
 
What is your date of birth? 
 




What is your phone number (mobile would be best - so 
we can text you reminders)?                                    
 
What is your email address? 
 
Thank you for enrolling in the SuNDiAL project! What 
happens next? 
We are now going to ask you to complete a health and demographic questionnaire. If you want to complete it at a later time, please 
click the "Save and Return" button at the bottom of this page (if you click this button you will be given a code which you will need 
to write down and which you will need to use to return to and continue this survey). Or, click the "Submit" button to continue. 
 
You will also get an email and/or text to tell you when you can visit the SuNDiAL clinic at your school to complete the other 
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What is your first name? 
                                   
Contidential 
Please answer the following questions: 
What is your last name? 
                                   
What is your date of birth? 
                                   
Today's date for age calculation 
                                   
Age 
                                   
What is your phone number (mobile would be best - so 
we can text you reminders)?                                    
What is your email address? 
                                   
 
Thank you for enrolling in the SuNDiAL project! 
What happens next? 
We are now going to ask you to complete a health and demographic questionnaire. If you want to complete it at a 
later time, please click the "Save and Return" button at the bottom of this page (if you click this button you will be 
given a code which you will need to write down and which you will need to use to return to and continue this survey). 
Or, click the "Submit" button to continue. 
 
You will also get an email and/or text to tell you when you can visit the SuNDiAL clinic at your school to complete the 
other measurements, a food recall and an activity recall. 
20-04-2020 11:04am projectredcap.org 
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Which ethnic group do you belong to? (Mark those that 
apply) 
New Zealand European 
Maori 
Samoan 
Cook Island Maori Tongan 
Niuean 
Chinese Indian 
Other such as Dutch, Japanese, Tokelauan, please state.. 
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Have you ever been told by your doctor that you have Yes 
high blood pressure? No 
 
Are you on any medication for high blood pressure? Yes 
No 
 
Have you been diagnosed with diabetes? Yes 
No 
 
If so, which type? Type 1 diabetes 
Type 2 diabetes 
Don't know 
 
Do you avoid eating gluten? Yes 
No 
 
Have you been diagnosed with either coeliac disease Yes - coeliac disease or 
gluten intolerance? Yes - gluten intolerant 
No diagnosis but suspected intolerance or coeliac No 
 
Have you been diagnosed with a food allergy or Yes 
intolerance? (not gluten) No 
 
Which foods are you allergic or intolerant to? 







Other: please specify 
 
Are you vegetarian or vegan? Yes 
No 
 
Which foods do you eat? (Select as many as apply) Egg 
Milk (not plant milk like soy milk) Fish 
or seafood 
Chicken or poultry Meat/red 
meat occasionally None of the 
above 
 
Are you vegan? Yes 
No 
 
How long have you been following this way of eating? Less than a month 
Between 1 and 6 months 
Between 6 months and 1 year 
Between 1 and 2 years 
More than 2 years 
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How many times per week do you usually have a bowel 
movement (poo)?                                    
 
Please look at the picture below and select the Type 1 
number that corresponds to your usual and most Type 2 
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Thank you for completing your health and demographic information. What 
happens next? 
We are now going to ask you to complete a questionnaire about why you eat the food you do. If you want to complete it at a later 
time, please click the "Save and Return" button at the bottom of this page (if you click this button you will be given a code 
which you will need to write down and which you will need to use to return to and continue this survey). Or, click the "Submit" 
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Not at all important A little important Moderately important Very important 
Contidential 
Attitudes and Motivations for Food Choice 
Page 1 
Please choose how important it is to you that the food you eat on a typical day: 
Contains a lot of vitamins and 
minerals 
Helps me relax 
Is cheap 
Is what I usually eat 
Has been produced in a way that 
animals have not experienced 
pain 

















































Not at all important A little important Moderately important Very important 
Page 2 
Please choose how important it is to you that the food you eat on a typical day: 
Is not forbidden in my religion 
Has been prepared in an 
environmentally friendly way 
Is easy to prepare 
Is low in calories 
Smells nice 
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Not at all important A little important Moderately important Very important 
 
Keeps me healthy Makes 
me feel good 
Has been produced in a way that 
animals' rights have been respected 
 
Has been packaged in an 
environmentally friendly way 
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Not at all important A little important Moderately important Very important 
Page 4 
Please choose how important it is to you that the food you eat on a typical day: 
Is familiar 
Looks nice 
Is easily available in shops and 
supermarkets 
Is high in fibre 
Cheers me up 








Not at all important A little important Moderately important Very important 
 
Is not expensive 
Has a pleasant texture Is 
low in fat 
Contains natural ingredients 
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Not at all important A little important Moderately important Very important 
 
Is in harmony with my religious 
views 
Is nutritious 
Can be cooked very simply 
Tastes good 
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Not at all important A little important Moderately important Very important 
Page 7 
Please choose how important it is to you that the food you eat on a typical day: 
Takes no time to prepare 
Contains no artificial ingredients 
Is like the food I ate when I was 
a child 
Is high in protein 
Is good value for money 








Not at all important A little important Moderately important Very important 
 
Can be bought in shops close to where 
I live 
Is good for my 
skin/teeth/hair/nails etc 
Has been produced in a way 
which has not shaken the 
balance of nature 
 
Contains no additives 
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prefer not to 
answer 
 
It is only natural to eat meat 
It is necessary to eat meat in 
order to be healthy 
Not eating meat is socially 
unacceptable 
Meat is delicious 
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You cannot get all the protein, 
vitamins and minerals you need on 
an all plant-based diet 
 
It is abnormal for humans not to eat 
meat 
Meat adds so much flavour to a meal 
it does not make sense to leave it out 
 
Our human ancestors ate meat all 
the time 
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Most people I know eat meat 
The best tasting food is normally 
a meat based dish (e.g. steak, 
chicken breast, grilled fish) 
 
 
A healthy diet requires at least 
some meat 
It is normal to eat meat 
Meals without meat would just 



























Are you currently trying to do any of the following? Lose weight 
Stay the same weight 
Gain weight 
No, not trying to do anything about my weight 
Page 12 
Please answer the following questions: 
What are you doing to try and gain weight? 
 
                                           
 
Have you followed any of these types of diet to try to lose weight or keep from gaining weight DURING THE PAST 
YEAR? 










Intermittent fasting (e.g. the 5:2 diet) 
Time restricted eating (e.g. only eating between 10am and 7pm) 
Mediterranean 
Other (please specify) 
 
If other, please specify: 
Have you done any of the following to try to lose weight or keep from gaining weight DURING THE PAST YEAR? 




Ate more fruit and/or vegetables 
Used a food substitute (e.g. powder or special drink) 
Made yourself throw up (vomit) 
Ate very little food 
Smoked cigarettes 
Ate smaller portions of my usual food 
Ate less sugary food or drinks 
Ate less high-fat foods 
Other (please specify) 
 
If other, please specify: 







At the moment do you feel that you are... 
 
Very under weight A 
bit under weight 






















































I would like to have broader shoulders Definitely 
Possibly yes 




I would like to have bigger muscles Definitely 
Possibly yes 




I would like to be heavier Definitely 
Possibly yes 




I would like to be taller Definitely 
Possibly yes 
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When you brush your teeth, how much toothpaste do you 
use? (see image below) 




























Do you take PE or Outdoor Education as a subject at Yes 
school? No 
 
Do you play a school sport? Yes 
No 
 
Do you play a sport out of school? Yes 
No 
 
What is the most common way that you get to and from Car  school?
 Bus or train 
Bike Scooter/skateboard 
Walk 
Other (please specify) 
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Please add any comments you may have here: 
Page 18 
Do you have any comments about the questions in the previous section? 
What happens next? 
 
We have one more online questionnaire for you to complete about your dietary habits. If you would like to take a 
break, please click the "Save & Return Later" button (if you click this button you will be given a code which you will 
need to write down and which you will need to use to return to and continue this survey). Or, if you would like to 
continue, please click the "Submit" button. 
 
You're nearly there! 
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Appendix F: Dietary Habits Questionnaire 
 
Contidential 









On average how many servings of fruit - fresh, frozen, canned or stewed - do you eat per day or per week? Do not 
include fruit juice or dried fruit. 
 
A serving is the same as a medium piece of fruit like an apple or two small pieces of fruit like two apricots, or half a cup of stewed or 
canned fruit. 
 
Never I don't eat fruit 
Less than 1 serving a week 1 
serving a week 
2-4 servings a week 5-
6 servings a week 1 
serving a day 
2 servings a day 
3 servings a day 

















































































On average how many servings of vegetables - fresh, frozen or canned - do you eat per day or per week? 
Do not include vegetable juices. 
 
A serving is the same as one potato, half a cup of peas or a cup of salad. 
 
Never I don't eat vegetables 
Less than 1 serving a week 
1 serving a week 
2-4 servings a week 
5-6 servings a week 
1 serving a day 
2 servings a day 
3 servings a day 
More than 3 servings a day 
Page 2 
Vegetables 








On average how often do you eat bread? 
 
Include slices of bread, rolls, bagels, wraps, and gluten-free bread. 
 
Never I don't eat bread 
Less than once a week 
Once a week 
2-4 times a week 5-
6 times a week 
Once a day Twice 
a day 
3 times a day 
More than 3 times a day 
 
What type of bread, rolls or toast do you eat most of the time? 
 
White 
Wholemeal (brown colour) 
Light grain - has some grains but soft to eat (eg honey grain) Heavy 
grain - has some grains and a bit chewier (eg Vogels) Other (please 
specify) 
 








































How often do you have milk (cow's milk or plant milk)? 
 
I do not have any milk Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
 




Plant-based milk (eg soy, rice, almond, coconut) Other 
(such as goat or sheep milk) 
 
What kind of milk do you usually have? 
 
Whole or standard milk (Dark blue or silver) Reduced 
fat (light blue) 
Skim or trim (green or yellow) 
Other (please specify) 
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Milk 
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Oil (eg olive, canola, or one in a bottle) 
Dripping or lard 




Butter (including semi soft) 
Margarine (eg canola, sunflower, olive oil based, or table spread) 
Other (eg avocado, cream cheese), please specify 
I don't know 
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Nuts 
 
How often do you eat the following types of nuts? (Include nuts in cooked foods, bars, cereals 
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2-3 Monthly Rarely I do not 
times a  eat 
month these week week 
Once a 
week times a times a 























Dairy products excluding milk 
(eg cheese, yoghurt - don't 

























Processed meat (eg ham, bacon, 
sausages, luncheon, canned corned 
beef, pastrami, salami) 
 
Other red meat (including beef, 




Poultry (including chicken, 
turkey etc) 
Fish 
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Meat, Dairy and Eggs 
 








How often do you eat lentils, chickpeas, kidney beans or baked beans? (Don't include peas or peanuts) 
 
I do not eat legumes 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
















































How often do you eat tofu, tempeh and tofu products? 
 
I do not eat these 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
 
How often do you eat vegetarian ingredients (like quorn, nut meat, vegetarian mince) that are used in other dishes? 
 
I do not eat these 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
 
How often do you eat vegetarian sausages, nuggets, patties etc? 
 
I do not eat vegetarian meat alternatives Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
 
How often do you eat vegetarian "meat alternatives" (like chicken-free chicken, vegetarian chicken schnitzel, meat-free 
bacon rashers etc)? 
 
I do not eat these 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 

























How often do you drink fizzy drinks? Don't include diet varieties. (eg Coca-cola, Pepsi, lemonade) 







How often do you drink fruit juices, drinks or cordials? (eg Just Juice, Fresh-up, Keri, Golden Circle, Ribena, Charlie's, 
Raro). 
 
Don't include diabetic, diet or sugar-free varieties. 
 







How often do you drink energy drinks? (eg V, Lift plus, Red Bull, Powerade) 















How often do you have a drink containing alcohol? 
 
Never 
Monthly or less 
2 to 3 times a month 
Once a week 
2 to 3 times a week 
4 or more times a week 
 
How many drinks containing alcohol do you have on a typical day when you are drinking? 
 
1 or 2 
3 or 4 
5 or 6 
7, 8 or 9 































































How often do you eat lollies, sweets, chocolate or confectionary? 
 
I do not eat these 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
 
How often do you eat biscuits, cakes, slices, muffins, sweet pastries or muesli bars? 
Include nut and other sweet snack bars. 
I do not eat these 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
 
How often do you eat savoury snacks such as chips (crisps not hot chips) and crackers? 
 
I do not eat these 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 
5-6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
Page 13 
Snacks 








How often do you eat fast food or takeaways from places like McDonalds, KFC, Burger King, Pizza shops or fish and chip shops? 
 
I do not eat fast food Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 5-
6 times a week 
Once a day 
2-3 times a day 
More than 3 times a day 
 
How often do you eat pies and other hot food that you buy ready-to-eat? 
 
I do not eat these 
Rarely 
Monthly 
2-3 times a month 
Once a week 
2-4 times a week 5-
6 times a week 
Once a day 
2-3 times a day 






































How many days in an average week do you have something to eat for breakfast? 
 
I don't usually have breakfast 1 
day a week 
2 days a week 3 
days a week 4 
days a week 5 
days a week 6 
days a week 7 


















































Did you take any supplements during the last year? Yes 
No 
 
What type of supplement was it? (Select as many as apply) 
 
Multivitamin and/or multimineral 
Single vitamin or mineral 
Sports supplement (including protein powders or shakes) Other 
(please specify) 
 
Multivitamin and/or multimineral: Daily 
How often did you take the supplement in the last 12 More than once a week 
months? Once per week 
Monthly 
Regularly but for a limited time 
Not very often 
 
Multivitamin and/or multimineral: 
 
If you know the brand name and/or the product name                                           
please write them here. Please provide as much 
information about the product as possible. 
 
Multivitamin and/or multimineral: 
 
If you are able to take a photo of your supplement packaging, 
please do so and upload here (you can complete the 
questionnaire and come back to upload a photo at a later time). 
 
When taking a photo (or two), please make visible the brand and 
the list of contents. 
 
Single vitamin or mineral: Please tell us what 
vitamin or mineral it was:                                    
 
Single vitamin or mineral: Daily 
How often did you take the supplement in the last 12 More than once a week 
months? Once per week 
Monthly 
Regularly but for a limited time 
Not very often 
 
Single vitamin or mineral: 
 
If you know the brand name and/or the product name                                           
please write them here. Please provide as much 
information about the product as possible. 
 
Single vitamin or mineral: 
 
If you are able to take a photo of your supplement packaging, 
please do so and upload here (you can complete the 
questionnaire and come back to upload a photo at a later time). 
 
When taking a photo (or two), please make visible the brand and 





























Sports supplement (including protein powders or 
shakes): 
How often did you take the supplement in the last 12 
months? 
Daily 
More than once a week 
Once per week 
Monthly 
Regularly but for a limited time 
Not very often 
Sports supplement: 
 
If you know the brand name and/or the product name 
please write them here. Please provide as much 
information about the product as possible. 
                                           
Sports supplement: 
 
If you are able to take a photo of your supplement 
packaging, please do so and upload here (you can 
complete the questionnaire and come back to upload a 
photo at a later time). 
 
When taking a photo (or two), please make visible the 
brand and the list of contents. 
 
If Other, please specify: 
                                   
Other: 
How often did you take the supplement in the last 12 
months? 
Daily 
More than once a week 
Once per week 
Monthly 
Regularly but for a limited time 
Not very often 
Other: 
 
If you know the brand name and/or the product name 
please write them here. Please provide as much 
information about the product as possible. 
                                           
Other: 
 
If you are able to take a photo of your supplement 
packaging, please do so and upload here (you can 
complete the questionnaire and come back to upload a 
photo at a later time). 
 
When taking a photo (or two), please make visible the 
brand and the list of contents. 






















































Please add any comments you may have about this 
questionnaire here: 
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24 Hour Dietary Recall 
To complete the 24 h dietary recall you will need: 
Make sure you have taken the ID number from the name & ID spreadsheet and 
written it on every page of the 24 h diet recall recording sheet. 
Explain the 24 h recall to the participant  
  
“I am going to ask you about everything that you ate and drank yesterday. Please try 
to recall, and tell me about everything that you had to eat at drink, whether it be at 
home, or away from home, including snacks, drinks and water. We are not here to 
decide if what your eating is healthy or not – we just want to understand what boys 
around New Zealand are eating, so we would like you to be really honest with us” 
  
Stage One – Quicklist 
“First, we will make a quick list of all the things you ate and drank, and then we will go 
back over this list and I will ask you more details about the specific foods and drinks, 
and the amounts.” 
“It might help you remember what you ate by thinking about where you were, who 
you were with, or what you were doing yesterday; like going to school, eating out, or 
watching TV. Feel free to keep these activities in mind and say them aloud if that 
helps.” 
24	
Portion size box, including measurement aids and food photographs. 
This protocol, including the tips sheet and useful prompts. 
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“So starting from midnight the day before yesterday, what was the first thing you 
remember eating?” 
Start recording quick list – keep prompting until finished 
  
“That’s great. Sometimes people forget to tell us about drinks, particularly water 
when we do this list.” 
“How much water do you remember drinking yesterday?” (record) 
“Did you have any other drinks you might have forgotten about?” (record) 
Stage two – Collect more information 
“I am now going to ask you some more specific questions about each food. We also 
need to work out how much of each food that you ate or drank” 
“Let’s start at the beginning – the first thing you remember eating was xxxx” (record)  
What time did you eat/drink that? (record)  
Go on to collect specific information that is relevant to each food based on the tips  
provided on the tip sheet. Record as much specific information as you can. Record 
each food item in a different row.  
  
Use the photos and measurement aids to help the participant estimate the portion 
size. Remember that brand and package size will always give you the most accurate 
information.  
  
Before you go onto the next food on the quick list be sure to ask if they added anything 
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Stage 3 – check for any further additions 
“Ok, thanks for working with me to provide all of that detail. We are now going to do 
one more check to make sure there isn’t anything else that should be on this list. I am 
going to read this list back to you. If you remember anything else that you ate while I 
am reading it back to you please interrupt me and we will record it” 
Read through with the participant all the food and drink they have listed  
  
“Is there anything you can think of that we need to add in?” (record as necessary) 
  
“Last Question: Do you know if the salt you use at home contains iodine?” (tick 
appropriate box) 
  
“Great thank you again. If it is ok with you one day in the next week I would like to 
ring you and go through this process again on a different day, so that we can get an 
idea of how the foods you eat change from day to day. What time of the day (outside 
of school time) would suit you for me to ring you?” 
Record preferred times - remember, ideally this second 24 h recall will occur on a  
randomly selected day, but that might not always be possible (at the very least it 
should be a different day of the week than today)   
  
The 24 h diet recalls will need to be entered into FoodWorks following the FoodWorks 
Protocol.  
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Tips Sheet 
Remember that the more information you can obtain about each food the more 
accurate the data is going to be. Please keep in mind that some of your fellow MDiet 
students are writing their thesis on nutrients (like Folate) that will vary from brand to 
brand depending on fortification so please be as careful and accurate as possible. 
You need to gather more information about each food identified on the Quicklist. 
Below are some prompts that might help you do this. 
Where possible for packaged foods collect the brand name. 
Potential questions to consider asking (depending on the food reported): 
• Was it standard, low fat, low sugar caffeine free? 
Do not 
x Collect information about herbs and spices that are used in very small 
quantities 
x Ask leading questions 
x Ask for recipes for traditional home baking, but do note if it is gluten free. 
27	
Was the item coated before cooking, if so what it with flour, batter, eggs, or 
breadcrumbs etc? 
composition of a biscuit or a cake varies much less than the composition of, 
for example, a stir fry) 
How was it cooked? Was it baked, fried, or boiled? • 
• 
Was it home made? Do they know the recipe? If they do record on the recipe 
sheet) – this is more important for savory foods than baking (as the basic 
What is the brand name? 






































SuNDiAL Project 2020 Study protocol Version 1 December 2019
x Make assumptions 
x Respond in a judgmental way (positive or negative) to the foods or drinks 
consumed 
Do 
ü Keep your prompts neutral 
ü Ask about cooking method and the type of fat used in cooking e.g. if they say 
baked, ask what with? 
ü Collect brand names for margarine, butter, juices/fruit drinks, breakfast 
cereals, energy drinks, breads, dairy alternatives (e.g. almond milk) as the 
micronutrient content of these products can vary considerably from brand to 
brand 
ü Ask for the recipe for less traditional home baking (e.g. brownies made with 


















SuNDiAL Project 2020 Study protocol Version 1 December 2019
Useful Probes for Specific Food Groups 
 FRUIT 
• Peeled or unpeeled 
• Colour? – e.g. red/green apple 
• Tinned? – if so was it tinned in syrup or juice, how much of the syrup/juice did they 
have 
• Use photos of tinned peaches, wooden balls, cups or beans to help estimate 
portion sizes 
 VEGETABLES 
• Fresh, frozen or tinned (if tinned were they tinned with flavoured 
sauce/syrup/juice) 
• Cooking method – boiled, baked (with fat/oil – what type and how much?), 
microwaved, steamed etc 
• Colour – e.g. red/green capsicums 
• Potatoes – with or without skin, if mashed what was added and how much? 
• Quantities could be recorded in cups (sliced/whole/mashed/diced) or how much of 
a whole vegetable (e.g. ½ a medium capsicum) 
• Use photos to help estimate portion size for similar vegetables not shown in 
pictures (e.g. broccoli can be used to estimate cauliflower, peas can be used for 
corn or bean etc). Use thickness guides and rulers to help estimate sliced 
vegetables (e.g. cucumber) 
 DAIRY 
• Milk – brand name and fat content (show picture of bottle tops) 
• Yoghurt – brand and with fruit or plain/natural or vanilla, reduced fat, low fat 
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• Cheese - type (e.g. Edam, Colby, Feta), brand, grated (in cups or use pictures) or 
sliced (thickness guides) 
 NUTS 
• Roasted, raw, salted, other favouring, blanched 
• Whole, chopped, slivered 
• Mixed – with or without peanuts 
• How many cups or how many whole nuts? or can use beans to estimate handful 
size 
 BREAD 
• White, wholemeal, wholegrain, light or dark rye (use photos to help with 
identification) 
• Brand name (important for fortification) 
• Toast or sandwich slice (thick or thin) 
• For buns – any toppings (don’t worry about small amounts of seeds, but do record 
cheese, bacon etc) 
 MARGARINE/BUTTER/TABLE SPREAD 
• People often use the term butter and margarine interchangeably so collect the 
brand name (do not comment on the fact they might not have used the correct 
description) 
• Low fat or standard 
• Phytosterols (cholesterol reducing) 
• Use pictures to help indication of thickness of spread 
 DRINKS 
• Juices/Fruit Drinks 
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• Fizzy drinks 
o Brand 
o Flavour 
o Diet, standard, zero sugar, type of sweetener 
o Caffeinated 
o Use cups or pictures of cans and bottles to help estimate portion size 
• Made from liquid (cordial) or powdered concentrate (Raro) 
o Brand and flavour details of concentrate 
o Standard or low energy/ low sugar version 
o How much concentrate? 
o Did they make it with water or something else? 
o How much water or other substance was added? 
 PACKAGED FOODS 
• Brand and package size most important 
• Did they consume everything in the packet? 
 MIXED DISHES 
• Try and record recipe if possible 
• If recipe unavailable try and get as much detail as possible 
• Check any protein ingredients, starchy ingredients, vegetables, sauces 
31	
Commercial or freshly squeezed 
Did they dilute with water, is so how much? 
Use cups or pictures of cans and bottles to help estimate portion size 
100% juice or fruit drink 
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• Use photos, cups, plates and bowls to estimate portion size 
32	
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Appendix H: ANS Major Food Groups 
 
Major food group 
number 
Major food group description 
1 Grains and pasta 
2 Bread (incl rolls and specialty breads) 
3 Breakfast cereals 
4 Biscuits 
5 Cakes and muffins 
6 Bread based dishes 
7 Puddings/desserts 
8 Milk 
9 Dairy products 
10 Cheese 
11 Butter and Margarine 
12 Fats and oils 
13 Eggs and egg dishes 




18 Other meat 
19 Sausages and processed meats 
20 Pies and pasties 
21 Fish/Seafood 
22 Vegetables 
23 Potatoes, kumara and taro 
24 Snack foods 
25 Fruit 
26 Nuts and Seeds 
27 Sugar/sweets 
28 Soups and stocks 
29 Savoury sauces and condiments 
30 Non-alcoholic beverages 
31 Alcoholic beverages 
32 Supplements providing energy 









Feet flat – heels 
together; feet 
pointed outward 
at 60o angle 
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Appendix I: Anthropometric Measurements Protocol 
 
 







To complete anthropometric measurements you will need: 
• This protocol 
• A stadiometer that has been assembled correctly, and positioned 
appropriately against a straight wall 
• A set of body weight scales 
• A steel anthropometric measuring tape 
• The blood pressure and anthropometry recording sheet 
 
Make sure you have taken the ID number from the name & ID spreadsheet and 
written it correctly on the blood pressure and anthropometry recording sheet. 
 
Gain verbal consent from the participant for each measurement and explain fully what 
you will do to obtain them, specifically asking them if it is ok to touch the top of their 
head with the stadiometer when doing the height measurement. Before beginning, gain 




1. Ask the participant to remove their shoes, as well as any hair 
ornaments or buns/braids on the top of the head. 
2. If the participant is taller than the investigator, use a step tool  to 
take the measurements. Errors can be minimised by the 
investigator being parallel to the participant and the headpiece. 
3. Tell the participant to stand with their heels together and toes 
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4. Make sure the back of the head, shoulder blades, buttocks, and heels of the 
participant are touching the backboard/stadiometer. 
5. Make sure the participant’s head is aligned in the Frankfort horizontal plane, 
where a horizontal line connects from the ear canal to the lower border of the 
orbit of the eye. 
6. Lower the headpiece to rest firmly on the top of the participant’s head and ask the 
participant to stand as tall as possible and take a deep breath. 
7. Record the result to the nearest 0.1 cm in the HEIGHT 1 box on the recording sheet 
without informing the participants. 
 WEIGHT 
1. Ask the participant to remove any heavy clothing (such as jackets, heavy tops, 
boots etc). As the participant would have just had their height measurement done, 
they should not be wearing shoes. 
2. Turn on the scales, ensure they are switched on to metric (kg). 
3. Ask the participant to step on to the scales so that they are facing away from the 
display (to prevent seeing the weight) cautioning them that they need to step up 
onto the scales. 
4. Wait for the scales to read or come to a stable number. 
5. Record the participant’s weight to the nearest 0.1 kg in the WEIGHT 1 box on the 
recording sheet without informing the participant. 
 ULNA LENGTH: 
Ulna length is measured between the point of the elbow 
and the midpoint of the prominent bone of the wrist using 
an anthropometric steel tape. This value is then compared 
with a standardized height conversion chart. Participants 
Fig 2: ulna length measurement 
should be dressed in light clothing with no wrist watch or 
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1. Measure between the point of the elbow and the midpoint of the prominent bone 
of the wrist (non-dominant side). 
2. Read and accurately record the measurement to the nearest 0.1 cm in the UNLA 
LENGTH 1 box on the recording sheet without informing the participants. 
NB: anthropometry tapes have a blank lead before measurement markings start - 
consider this when reading a measurement. 
 REPEAT ALL MEAUREMENTS 
Repeat all three measurements again, in the same order, entering the measurements 
in the HEIGHT 2, WEIGHT 2 and ULNA LENGTH 2 box as appropriate (do no tell 
participant measurements). 
CHECK: are any of the 1st and 2nd measurements are more than 0.5 units apart? If so 
take a third measurement where required. 
Anthropometric measurements will need to be entered into REDCap (see REDCap 
data entry protocol) 
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